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Foreword

The National Exposure Research Laboratory’ s Ecosystems Research Division (ERD) in Athens,
Georgia, conducts research on organic and inorganic chemicals, greenhouse gas biogeochemical cycles,
and land use perturbations that create direct and indirect, chemical and non-chemical stresses,
exposures, and potential risks to humans and ecosystems. ERD develops, tests, applies and provides
technical support for exposure and ecosystem response models used for assessing and managing risks
to humans and ecosystems, within a watershed / regional context.

The Regulatory Support Branch (RSB) conducts problem-driven and applied research, develops
technology tools, and provides technical support to customer Program and Regional Offices, States,
Municipalities, and Tribes. Models are distributed and supported viathe EPA Center for Exposure
Assessment Modeling (CEAM) and through access to Internet tools (www.epa.gov/athens/onsite).

At the request of the US EPA QOil Program Center, ERD is developing an oil spill model that focusses
on fate and transport of oil components under various response scenarios.  Since crude oils and
petroleum products are composed of many chemicals that have varying physical properties, data are
required to characterize these fluids for usein models. The data presented in this report provide input
to compositional models by characterizing oil composition by several approaches, but also by providing
physical transport properties at corresponding levels of weathering and temperature. EPA expects
these data to be useful both for modeling and to provide a resource for the oil spill response community
asawhole.

Rosemarie C. Russo, Ph.D.
Director

Ecosystems Research Division
Athens, Georgia



Abstract

Multicomponent composition and corresponding physical properties data of crude oils and petroleum
products are needed as input to environmental fate ssimulations. Complete sets of such data, however,
are not available in the literature due to the complexity and expense of making the measurements.
Environment Canada has previoudy developed a database of various physical and chemical properties
of crude oils and petroleum products. In this cooperative project, ten “typical” crude oils and refined
products in common use or transport were identified for subsequent characterization. Measured ail
physical propertiesinclude API gravity, density, sulphur content, water content, flash point, pour point,
viscosity, surface and interfacial tension, adhesion, the equation for predicting evaporation, emulsion
formation, and simulated boiling point distribution. The chemical composition of the oils are quantified
for hydrocarbon groups, volatile organic compounds, n-alkane distribution, distribution of akylated
polyaromatic hydrocarbon (PAH) homologues and other EPA priority PAHS, and biomarker
concentrations. This project will provide the most complete and comprehensive database for the
selected oilsto date. The new composition data will be integrated into the existing Environment Canada
oil properties database. The results will be made available to the public both on the world wide web
and as a database on disc.
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1. I ntroduction

Duringany oil spill incident, thepropertiesof thespilled ail, including theoil phasecompositionand
oil compositional changesdueto weathering, ideally would beknownimmediately, sothat modelscould
beusedto predict theenvironmental impactsof the spill or varioustreatment aternatives. Unfortunately,
thepropertiesroutinely measured by oil producersand refinersarenot the onesthat on-scenecommanders
need toknow most urgently. Oil producersandrefinerstypically do not know to what extent or at what
ratetheir oilswill evaporate; thedetailed chemica composition of theoil anditsdifferentia compositional
changesover time; how these changesaffect itsbehavior and fateintheenvironment; theviscosity of the
oil at ambient temperature asit evaporates; if the oil likely to sink or submerge; if the use of chemical
dispersants can enhance itsdispersion; if emulsions will form; the hazard to on-site personnel during
cleanup; or the ail toxicity to marine or aquatic organisms.

Since 1984, theEmergencies Scienceand Technology Divison (ESTD) of Environment Canada
has continued to devel op adatabase onvariousphysi cal -chemical propertiesof crudeoilsand petroleum
products. Thisdatabase addressesthe propertiesand behaviorslistedinthe previousparagraph and can
be queried viatheinternet at www.etcentre.org/spills. Through many yearsendeavor, theoil properties
database now containsinformation onover 400 oilsfromall over theworld. Environment Canadaisthe
largest single source of datain the oil properties database.

TheU.S. EPA’ simmediateinterest in devel oping adatabase of propertiesand compositionsisfor
useinsupporting thedevel opment of model sfor application to accidental spillsand rel easesof petroleum
hydrocarbons and other multicomponent oils. This multicomponent composition datais not typicaly
avallableintheliteraturenor immediately availableonanincident-specific basisduetothecomplexity and
expense of making the measurements. Thusthe creation of adatabase containing both physical property
and composition datafor various conditions of weathering would be useful for emergency response
modeling. Inthissituationthedatacould beused for simulation of anexampleoil that would bechosenfor
itssmilarity tothespilled oil. Thisapproachrecognizesthat performing detailed characterization of anail
during anemergency ismorethanunlikely. 1twouldfurther bedesirableto haveaccessto smilar datafor
planning purposes in advance of spills.

Ten representative oils and refined petroleum productswith spill potential were chosen after
discussionwiththe USEPA. Theseoilswerecollected fromvarioussources. For eachail, theproperties
presented arethosethat determineitsenvironmental behavior and effects. Whenever possible, ESTD has
used standard test methods, such asthose of the American Society for Testingand Materia s(ASTM), to
obtain oil property data. Thephysica property measurementsinclude API gravity, density, sulphur, water
content, flash point, pour point, viscosity, vapor pressure, surfacetension, and adhesion. Many oil analytical
methods have been devel oped by ESTD specifically to determineenvironmentally-significant individual
components, oil hydrocarbon groups, and chemical properties. Theseincludemethodsfor determining
evaporation equations, emulsion formation and characterization, measuring chemical dispersibility,
measuring vol atileorganic compounds, important saturated and biomarker compounds, and environmental ly
hazardous PAH compounds. Becauseevaporativelossresultsinsgnificant changesin physical properties



and chemica composition of spilled oils, wemeasuremost propertiesnot only for fresh oils, but alsofor
evaporated oilspreparedinthelabto represent variousdegreesof evaporation. Upon thecompl etion of
the project, acompl eteset of physical propertiesand comprehensi ve multicomponent dataonimportant
chemical composition of thesel ected oilswill beprovided andintegratedinto theexisting ESTD database.
Finaly, theuniqueinformation produced fromthisproject isintended by EPA to advancethe state-of -the-
art of oil soill modeling. As such it will be available to the public through the Internet at
www.etcentre.org/spills.




2. List of Definitions

Acyclic: A compound with straight or branched carbon-carbon linkages but without cyclic (ring)
structures.

Adhesion: Thedegreetowhichanoil will coat asurface, expressed asthemassof oil adhering per unit
area. A test has been developed for a standard surface that gives a semi-quantitative measure of this

property.

Aliphatics: Hydrocarbonsin petroleumthat contain saturated and/or singleunsaturated bondsand el ute
during chromatography using non-polar solventssuch hexane. It includesalkanesand al kenes, but not
aromatics.

Alkane (Paraffin): A group of hydrocarbonscomposed of only carbonand hydrogenwithno double
bondsor aromaticity. They aresaidtobe* saturated” with hydrogen. They may by straight-chain (normal),
branched or cyclic. The smalest akane is methane (CH,), the next, ethane (CH;CH,), then propane
(CH;CH,CH5), and so on.

Alkene(Olefin): Anunsaturated hydrocarbon, containing only hydrogenand carbonwith oneor more
double bonds, but having no aromaticity. Alkenesarenot typicaly foundincrudeoils, but canoccur as
aresult of heating.

Alkyl Groups: A hydrocarbonfunctiona group (C,H.,.1) obtained by dropping onehydrogenfromfully
saturated compound; e.g., methyl (-CH,), ethyl (-CH,CH,), propyl (-CH,CH,CH,), or isopropyl
[(CH3),CH-].

API Gravity: An American Petroleum Institute measure of density for petroleum:
API Gravity = [141.5/(specific gravity at 15.6 °C) - 131.5]

Freshwater hasagravity of 10 °API. Thescaeiscommercially important for rankingail quality. Heavy,
inexpensiveoilsare< 25 °API; mediumoilsare25to 35 °API; light, commercially-valuable oilsare 35
to 45 °API..

Aromatics: Cyclic, planar hydrocarbon compounds that are stabilized by a delocalized B-€lectron
system. They include such compoundsasthe BTEX group (benzene, toluene, ethylbenzeand thethree
xyleneisomers), polycyclicaromatic hydrocarbons (PAHS, suchasnaphthalene), and someheterocyclic
aromatics such as the di-benzothiophenes.



Asphaltenes: A complex mixtureof heavy organic compounds preci pitated from oilsand bitumensby
natural processesor inlaboratory by addition of excess n-pentane, or n-hexane. After precipitation of
asphaltenes, theremaining oil or bitumen consistsof saturates, aromatics, andresins. Asphaltenesare
so named because they make up the largest percentage of the asphalt used to pave roads.

Biological Marker (Biomarker): Complex organiccompoundscomposed of carbon, hydrogen, and
other ementswhicharefoundinoil, bitumen, rocks, and sedimentsand whichhave undergonelittleor
no changeingtructurefromtheir parent organic moleculesinliving organisms. Mogt, but not al, biomarkers
are isoprenoids, composed of isoprene subunits. Biomarkersinclude pristane, phytane, triterpanes,
steranes, porphyrins, and other compounds. These compounds are typicaly analyzed by GC/MS.

Bitumen: Mixtureof hydrocarbonsof natural or pyrogenousoriginor acombination of both. Unlikeail,
bitumen is indigenous to the fine-grained rock in which it is found.

Boiling Point: Thetemperatureat whichaliquid beginstoboil. Thatis, itisthetemperatureat whichthe
vapour pressureof aliquid isequal to the atmospheric or external pressure. It ismeasured at standard
pressure. Theboiling point distributionsof crude oilsand petroleum productsmay beinarangefrom 30
°Cto 700 °C.

BTEX: Thecollectivenamegiventobenzene, toluene, ethylbenzeneand thexyleneisomers(p-, m-, and
o-xylene).

Carbon Preference Index (CPI): Theratio of odd to even n-alkanes. Odd/even CPI alkanes are
equally abundant in petroleum but not in biological material. A CPI near 1 isan indication of petroleum.

Check Standard: Anandytewithawel-characterized property of interest, e.g., concentration, density,
etc... used to verify method, instrument and operator performance during regular operation. Check
standards may be obtained fromacertified supplier, may beapure substancewith properties obtained
from the literature or may be developed in-house.

Chemical Dispersion: Inrelationtooil spills, thistermreferstothecreation of oil-in-water emulsions
by the use of chemical dispersants made for this purpose.

Complex Modulus: Thecomplex modulusisameasureof the overall resistance of amaterial to flow
under an applied stress, inunitsof force per unit area. 1t combinesviscosity and el asticity elementsto
provideameasureof “ tiffness’, or res stanceto flow. Thecomplex modul usismore useful thanviscosity
for assessing the physical behaviour of very non-Newtonian materials such as emulsions.

Cycloalkanes(Naphthene, Cyclopar affin): A saturated, cycliccompound containing only carbonand
hydrogen. Oneof thesimplest cycl oalkanesiscyclohexane (CgH,,). Steranesandtriterpanesarebranched
naphthenes consisting of multiple condensed five- or six-carbon rings.



Density: The mass per unit volume of a substance. Density is temperature-dependent, generally
decreasing withtemperature. Thedensity of oil relativeto water, itsspecific gravity, governswhether a
particular oil will float onwater. Most fresh crudeoilsand fuel swill float onwater. Bitumen and certain
residual fuel oils, however, may have densitiesgreater than water at some temperaturerangesand may
submergeinwater. Thedensity of aspilled oil will al soincreasewithtimeascomponentsarelost dueto
weathering.

Disper santsor Chemical Disper sants. Chemical sthat reducethe surfacetensi on betweenwater and
ahydrophobic substance such as ail. In the case of an oil spill, dispersantsfacilitate the breakup and
dispersal of anail dick throughout thewater column intheform of anoil-in-water emulsion. Chemical
dispersantscanonly be used inareaswherebiol ogical damagewill not occur and must be approved for
use by government regulatory agencies.

Emulsion: A stablemixtureof twoimmiscibleliquids, cons sting of acontinuous phaseand adispersed
phase. Oil and water can form both oil-in-water and water-in-oil emulsions. The former istermed a
disperson, whileemulsionimpliesthelatter. Water-in-oil emulsionsformed from petroleum and brinecan
begroupedintofour stability classes: stable, aformal emulsionthat will persistindefinitely; meso-stable,
which gradually degrade over time dueto alack of one or more stabilizing factors; entrained water, a
mechanical mixturecharacterized by high viscosity of the petroleum component whichimpedesseparation
of the two phases; and unstable, which are mixtures that rapidly separate into immiscible layers.

Emulsionstabilityisgenerally accompanied by amarkedincreaseinviscosity and el asticity, over that of
the parent oil which significantly changes behaviour. Coupled with the increased volume due to the
introduction of brine, emulsonformation hasalargeeffect onthe choiceof countermeasuresemployedto
combat a spill.

Emulsification: Theprocessof emulsionformation, typicaly by mechanica mixing. Intheenvironment,
emulsionsaremost oftenformed asaresult of waveaction. Chemical agentscan be usedto prevent the
formation of emulsions or to “break” the emulsions to their component oil and water phases.

Equipment Blank: A sampleof analyte-freemediawnhich hasbeen used torinsethe sampling equipment.
Itiscollected after completion of decontamination and prior to sampling. Thisblank isuseful indocumenting
and controlling the preparation of the sampling and laboratory equipment.

“Fingerprint”: A chromatographic signature of relative intensitiesused in oil-oil or oil-source rock
correlations. Masschromatograms of steranesor ter panesareexampl esof finger printsthat can beused
for qualitative or quantitative comparison of oils.

Flash Point: Thetemperatureat whichthevapour over aliquidwill ignitewhen exposedtoanignition
source. A liquid is considered to be flammable if its flash point is less than 60 °C.

Flash pointisanextremely important factor inrelationto the safety of spill cleanup operations. Gasoline



and other light fuelscanigniteunder most ambient conditions and thereforeare aserioushazard when
spilled. Many freshly spilled crude oils aso have low flash points until the lighter components have
evaporated or dispersed.

GC-MS: Gas chromatography-mass spectrometry.

GC-TPH: GCdetectabletota petroleum hydrocarbons, that isthe sum of al GC-resolved and unresolved
hydrocarbons. Theresolvable hydrocarbonsappear aspeaksand the unresol vabl e hydrocarbonsappear
as the area between the lower baseline and the curve defining the base of resolvable peaks.

Hydrocarbon: A hydrocarbon is an organic compound containing only hydrogen and carbon.
Hydrocarbonsaretheprincipa congtituentsof crudeoilsand refined petroleum products. Oil hydrocarbons
can be grouped into four major classes of compounds. saturates (including waxes), aromatics,
asphaltenes, and resins.

Hopane: Pentacyclic hydrocarbons of the triterpane group believed to be derived primarily from
bacteriohopanoids in bacterial membranes.

Interfacial Tension: Thenet energy per unit areaat theinterface of two substances, such asoil and water
or oil and air. Theair/liquid interfacial tensionisoften referred to as surface tension. The Sl unitsfor
interfacial tension are milliNewtons per meter (mN/m). The higher the interfacial tension, the less
attractive the two surfacesareto each other and the more size of the interface will be minimized. Low
surfacetens onscandrivethe spreading of onefluid onancther. Thesurfacetension of anail, together its
viscosity, affects the rate at which spilled oil will spread over a water surface or into the ground.

Internal Standard (1S): A pureanalyteaddedtoasampleextractinaknownamount, whichisusedto
measuretherel ativeresponsesof other analytesand surrogatesthat are componentsof the samesol ution.
The internal standard must be an analyte that is not a sample component.

PAHs: Polycyclic aromatic hydrocarbons. Alkylated PAHs arealkyl group derivatives of the parent
PAHs. The five target akylated PAHSs referred to in this report are the akylated naphthalene,
phenanthrene, dibenzothiophene, fluorene, and chrysene series.

Polar Compounds: Anorganiccompound withdistinct regionsof positiveand negativecharge. Polar
compounds include alcohals, such as sterols, and some aromatics, such as monoaromatic-steroids.
Becauseof their polarity, thesecompoundsaremoresolublein polar solvents, including water, compared
to non-polar compounds of similar molecular structure.

Pour Point: Thelowesttemperatureat whichanoil will appear toflow under ambient pressureover a
period of five seconds. The pour point of crude oilsgeneraly variesfrom-60 °Cto 30 °C. Lighter oils
with low viscosities generaly have lower pour points.



Resins. Thisis the name given to alarge group of polar compounds in oil. These include hetero-
subgtituted aromatics, acids, ketones, a coholsand monoaromatic steroids. Becauseof their polarity, these
compoundsaremoresolubleinpolar solvents, including water, thanthe non-polar compounds, suchas
waxes and aromatics, of similar molecular weight. They are largely responsible for oil adhesion.

RRF: Relative response factor.

Saturates(Satur ated Fraction): Nonaromatichydrocarbonsin petroleum. Thisgroupingincludesboth
normal and branched alkanes (paraffins), and cycloalkanes (naphthenes).

SIM (Selectinglon Monitoring): Massspectrometric monitoring of aspecific mass/charge(m/z) ratio.
The SM mode offers better sensitivity than can be obtained using the full scan mode.

Solubility: Theamount of asubstance (solute) that dissolvesin agiven amount of another substance
(solvent). Particularly relevant to oil spill cleanup isthemeasure of how much and thecomposition of oil
whichwill dissolveinthewater column. Thisisimportant asthe solublefractionsof theoil areoftentoxic
toaguaticlife, especialy at high concentrations. Thesolubility of oil inwater isvery low, generdly lessthan
1parts per million (ppm).

Steranes. A classof tetracyclic, saturated biomarkers constructed from six isoprene subunits (~Cy).
Seranesarederived from sterols, which areimportant membraneand hormone componentsin eukaryotic
organisms. Most commonly used steranesareintherange of C,to C;, and aredetected usingm/z 217
mass chromatograms.

SurrogateAnalyte: A pureanalytethat isextremely unlikely tobefoundinany sample, whichisadded
to asamplealiquot inaknown amount andismeasured with the same proceduresused to measure other
components. Thepurposeof asurrogate anal yteisto monitor themethod performancewith each sample.

Terpanes: A broad classof complex branched, cyclicakanebiomarkersincluding hopanesandtricyclic
compounds. They are commonly monitored using m/z 191 mass chromatograms.

Triterpanes. A classof cyclic saturated biomarkers constructed from six isoprene subunits. Cyclic
terpane compounds containing two, four, and sx isoprene subunits are called monoterpane (C,y),
diterpane (C,) and triterpane (Cy,), respectively.

Total n-alkanes: The sum of al resolved n-alkanes (from Cg to C,, plus pristane and phytane).
Total 5 Alkylated PAH Homologues: The sum of the 5 target PAHSs (naphthal ene, phenanthrene,

dibenzothiophene, fluorene, chrysene) andtheir akylated (C, to C,) homol ogues, asdetermined by GC-
MS. These 5 target alkylated PAH homol ogous series are oil-characteristic aromatic compounds.



Total Aromatics. Thesumof al resolved and unresol ved aromatic hydrocarbonsincluding thetotal of
BTEX and other akyl benzene compounds, total 5target alkylated PAH homologues, and other EPA
priority PAHSs.

Total Saturates: Thesum of all resolved and unresolved aliphatic hydrocarbonsincluding thetotal n-
alkanes, branched akanes, and cyclic saturates.

Vapour Pressure: A measure of how oil partitions between the liquid and gas phases, or the partial
pressure of avapour above aliquid oil at afixed temperature.

Viscosity: Viscosity istheresistance of afluid to shear, movement or flow. The viscosity of anoil isa
functionof itscomposition. Ingenera, thegreater thefraction of saturatesand aromaticsand thelower
the amount of asphaltenes and resins, the lower the viscosity. Asoil weathers, the evaporation of the
lighter components|eadstoincreased viscosity. Viscosity alsoincreaseswith decreased temperature, and
decreases with increased temperature.

The viscosity of anideal, non-interacting fluid does not change with shear rate. Such fluidsare called
Newtonian. Most crudeoilsand oil productsare Newtonian. Theviscosity of non-Newtonian materials
may vary with shear rate, aswell asduration of shear. Oilswith highwax content are often non-Newtonian,
and stable water-in-oil emulsions are dways non-Newtonian. A material that exhibits a decreasein
viscosity with shear stressistermed pseudopl astic, whilethosethat exhibit adecreasein viscosty withtime
of applied shear forcearereferred to asthixotropic. Both effectsarecaused by interna interactionsof the
moleculesand larger structuresinthefluidwhich changewiththemovement of themateria under applied
stress. Generaly, non-Newtonian oilsare pseudopl astic, while emul sionsmay be either thixotropic or
pseudoplastic.

Intermsof oil spill cleanup, viscousoilsdo not spread rapidly, do not penetrate soilsasrapidly, and affect
the ability of pumps and skimmers to handle the ail.

Volatile Organic Compounds(VOC): Organic compounds with high vapour pressures at normal
temperatures. VOCsinclude light saturates and aromatics, such as pentane, hexane, BTEX and other
lighter substituted benzene compounds, which can makeup to afew percent of the total mass of some
crude oils.

Waxes. Waxesare predominately straight-chain saturateswithmelting pointsabove 20 °C (generdly,
the n-alkanes C,g and heavier).

Weathering: Processesrelated tothephysical and chemical actionsof air, water and organismsafter oil
spill. Themagjor wesathering processesincl udeevaporation, dissol ution, dispersion, photochemical oxidation,
water-in-oil emulsification, microbial degradation, adsorption onto suspended particul ate materials,
interaction with mineral fines, sinking, sedimentation, and formation of tar balls.



UCM: GCunresolved complex mixtureof hydrocarbons. The UCM appear asthe* envelope” or hump
area between the solvent baseline and the curve defining the base of resolvable peaks.
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3.2

3.3

Methods for Measurement of Physical and Chemical Properties of
Selected Oils

Selection and Collection of Oils

Tenoilsand refined petroleum productswith significant potential tobespilledinU.S. waterswere
chosenbased ondiscussionwiththe USEPA. Theseoilswerecollected by ESTD fromvarious
oil companies and refineries in North America. The oils include: Alberta Sweet Mix Blend
(Reference#5), Arabian Light, South Louisiana, West TexasIntermediate, Sockeye, AlaskaNorth
Slope, Fuel Qil No.2, Fuel Oil No.5 (“Bunker B”), Heavy Fud Oil 6303 (“Bunker C”), and
Orimulsion-400.

| nstruments

Themgorinstrumentsused to determinetheoil physical propertiesand chemical compositionare
the following:

*Oil Weathering System (Wheaton Spin-Vap —10)
*GC-MS (HP)

*GC-FID (HP)

*XRF (Spectro Titan)

*Viscometer (ThermoHaake VT550)
*Rheometer (ThermoHaake RheoStress 300)
*Density meter (Anton Parr DMA 48)
*Flash point analyzer (Herzog HFP360/362)
*Vapor pressure tester (Herzog HVP970)
*Karl Fisher automatic titrator (Metrohm)
*Tensiometer (Kriss K10)

Evaporation (Weathering) of Oils

A laboratory oil-westhering techniqueby rotary evaporationisused by Emergencies Scienceand
Technology Divisionto artificially weather oils with varying degrees of weight loss. The ail-
weathering systemconsistsof aWheaton N-10 SpinVapwithalOL flask, anintegral water bath
(capacity 14 L), aHaake F3-CH circulating bathand aMilliporevacuumpump (Figure1). The
bath temperature can be set from 20 °C to 100 °C = 0.5 °C. The rotation speed can be
continuoudly varied from 10 to 135 rpm.
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Figure 1 Rotary evaporator used
for artificial weathering of oils.

The following evaporation procedure is used to evaporate oils:

(1) The water bath of distilled water is brought to a temperature of 80 °C.

(2) The empty rotary flask is weighed, approximately 2 L of oil added and the flask
reweighed.

(3) Theflask ismounted onthe apparatusand the flask partialy immersed inthe water
bath and spun at full speed, 135rpm. A constant flow of air of 13 L/minthroughtheflask
is maintained by the vacuum pump;

(4) At set intervals, the sampleflask isremoved and weighed. Periodically, asample of
about 1 g isremoved for chemica analysis.

(5) When evaporationisstopped (i.e. overnight and weekends), the flask issealed and
storedat 5°C. After removal and prior torestarting, theflaskisweighedto ensurethat no
evaporation has occurred during storage.

Typicdly, threewesthered fractionsare prepared for each oil sample. Theinitia weeathering period
is48 hours, adurationchosento simulatetheeventual final stateof anoil intheenvironment. In
addition, intermediatefractionsof gpproximately one- and two-thirdsof the48 hour lossby weight
are prepared.

Theexact timetakento preparetheseintermediatefractionsisdetermined by estimationfromthe
measured fractional mass-lossasafunction of timefor the48-hour sample. Thefraction mass-loss
iscalculated as:

%weathering = (m; - my) / (m; - my) X 100%,

11



34

where, Yoweathering isthe percentage evaporative mass-lossover the48 hour period, m isthe
initial mass of theflask and oil, m isthe final massof the flask and ail, and m, isthe mass of the
empty flask. A graph of %oweathering asafunctionof timeisplotted using theinterval weighing
data.

Thetimesfor one-third (t,,5) and two-thirds(t,;) of thefinal masslossareinterpolated fromthe
time-weathering graph. Typical timesfor t,; rangefrom30 minutesto 2 hours, for t,;, 8to 12
hours.

Thistechniqueallowsfor precisecontrol of theevaporativeweight lossfor atarget oil, and canbe
directly correlated to compositional changesof thetarget weathered ail. By trackingweight loss
asafunctionof time, anequationfor predicting evaporationcanbefound. Also, fromthissame
graph, itispossibleto determineapoint at which theevaporationrateissufficiently dow that the
oil may becons dered to haveachieved themaximum evaporativel osslikely to beobserved under
the conditions of a marine spill.

Equation(s) for Predicting Evaporation

Theevaporationkinetics, reported aspercentagemass|ossasafunction of time, aredetermined
for each oil by measuring theweight lossover timefromashallow dish (Fingas97, Fingas98a,
Fingas01). Approximately 20 g of oil isweighed into a 139mm petri dish. Measurementsare
conducted in aclimate-controlled chamber at 15 °C. Temperaturesare monitored by adigita
thermometer. The oil weight is recorded by an electronic balance accurate to 0.01 g at
geometricdly increasinginterva sand collected onacomputer logging system. Near theanticipated
end of therun, themeasurement interval isreset such that the number of pointsnear thebeginning
and end of therunareapproximately equal. Theevaporationperiod canlast fromafew daysfor
light oils to weeks for heavier products.

The time versus weight loss data series are fitted to a set of smple equations. From long
experience (Fingas98a, Fingas01), either asquare-root or anatural logarithm functionischosen
asthes mplest, most representative equation for evaporative massloss. Thebest-fit equationshave
the form:

%EV=(A+BT)Int
%Ev=(A+BT)t

where: %Ev is welght-percent evaporated, T isthe oil surface temperature (°C), tistime (in
minutes), and A and B are constants fitted to the measured data.

The apparatus is periodically checked by conducting a run with a 15-g mass in place of the oil.

12



35

3.6

3.7

Method for Determining Sulphur Content

The mass fraction of atomic sulphur in oil is determined using X-ray fluorescence by closaly
following ASTM method D 4294.

TheXRF spectrometer iscalibrated using aduplicate seriesof sx NIST sulphur-in-oil standards.
A linear calibration chart is prepared fromthe twelve standard measurements. Single element
standardsareused to calibrateand removechlorineinterferencein thesul phur signal. Instrument
and operator performanceismonitored by atriplicate measurement of acheck standard consisting
of aknown crude oil. Check standard measurements are tracked on a quality control chart.

Approximately 3g of oil isweighed out into 3ImmHDPE X RF cdlls, sealed with 0.25 mmthick
mylar film. The seal ed cell sare measured on aSpectro Titan X RF spectrometer. Each unknown
is measured in triplicate and the mean reported as the final value.

Method for Determining Water Content

Themassfractionof water inoil or anemulsion, expressed asapercentage, isdetermined by Karl
Fischer titration usingaM etrohm 701 automatictitrator. Themethod used closely followsASTM
method D 4377. The Karl Fischer reaction is an amine-catalyzed reduction of water in a
methanolic solution:

CH5OH + SO, + RN 6 [RNH]* [SOsCH.]"
2RN + H,0 + I, + [RNH]SOCH; 6 [RNH]* [SO,CH4]" + 2 [RNH]* I

The amine, RN, or mixture of aminesis proprietary to each manufacturer.

A sampleof oil or emulsionintherangeof 50to 100 mgisaccuratel y weighed and introduced to
the reaction vessel of the autotitrator. A solution of 1:1:2 (by volume) mixture of
methanol:chloroform:tolueneisused asaworkingfluid. Theautotitrator isloaded with 5-mg/mL,
pyridine-freeKarl Fischer reagent fromacertified supplier. Samplesarerepeatedintriplicateand
the meanreported asthewater percentage. Theinstrument calibrationischecked by aseriesof
fivereplicate titrations of 25 L of distilled, deionized water.

Method for Determining Flash Point

The flash point of an ail or product sample, in degrees Celcius, is determined by one of two
methods, depending onthe sample. Lower viscosity samples, including light fuel oilsand most
crudes, are measured using a Herzog HFP 362 TAG2 anayzer (Figure 2), following ASTM
method D 1310. Heavier samples, such asintermediateand heavy fud oilsor highly weather crude
oils, are measured using a Herzog 360 Pensky-Martens analyser, following ASTM D 93.

13



3.8

Inbothmethods, 50to 70 mL of sampleismeasuredinto theflashpoint cup (Figure3), thenthe
method programinitiated. Pre-cooling of theinstrument isnecessary for subambient flash points.
Samplesarerepeatedintriplicateand themean reported. Flash pointsbelow -10 °C or above 110
°C are confirmed in duplicate and reported as outside of the measurable temperature range.

Figure 2 Flashpoint Figure 3 Flashpoint tester cup in TAG configuration.

tester.

Reagent-grade p-xyleneis periodically measured by both the TAG2 and the Pensky-Martens
methodsasacheck oninstrument and operator performance. A control chartiskept of theresults.

Method for Determining Pour Point

Thepour point of anoil sample, indegrees Celsius, isdetermined by following ASTM method D
97. Two aliquotsof samplearepouredintotest jars(asdescribed by ASTM D 97), stopped and
fixed with ASTM 5C or 6C thermometers, as appropriate.

Pour point isdetermined, asdescribedin ASTM D97, by tilting thetest jar to the horizontal and
observing theflow of the sample past thefill mark onthejar. If noflowisvisibleafter 5 seconds,
thepour pointisconsidered to havebeenreached. Whenthepour pointisreached, 3°Cisadded
tothetemperaturerecorded. Theaverageof thetwo measurementsisreported asthe pour point.

If the samplesarebel ow their pour point at roomtemperature, thenthey areheatedto 50°Cina
glycol-filled heat bath. The bathtemperatureislowered until thepour pointisreached. If samples
areliquid at room temperature, they are cooled in the glycol bath to -5 °C, and measured at
intervalsasdescribed by ASTM method D 97. Further cooling, if required, isdonefirstto-20°C
and then -30 °C in a series of refrigerators and finally to -56 °C in an acetone/dry ice bath.
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3.9

Method for Determining Density and API Gravity

Thedensity of anoil sample, ing/mL, ismeasured usingan AntonParr DMA 48 digital density
meter following ASTM method D 5002 (Figure4). Measurementsareperformedat 0.0 °C and
15.0°C. Theinstrumentiscalibrated usingair and distilled, deionized water at eachtemperature.
M ethod and operator performanceismonitored by periodic measurement of acheck standardfo
p-xylene at 15.0 °C. A method control chart is kept of these measurements.

Figure 4 Digital densitometer taking a reading.

Dendities are corrected for sample viscosity, as specified by the instrument manufacturer.
Measurements are repeated in triplicate and the mean reported as the density.

API gravity (API 82) iscal culated using thestandard formul afor the specific gravity of anoil at 60
°F(15.56 °C). Theoil dengity at 15.56 °Cisestimated by exponential extrapolation fromthe15.0
°Cand0.0°Cdatapoints. Thisisconvertedto specificgravity by divisonby thedensity of water
at 15.5 °C, using the following equation:
s.0.%%=D% exp[ (InD®-1InD°)/15 x 15.56] / D (H,0)**%

where: s.g.1>®isthe specific gravity of the oil or product at 15.56 °C (60 °F), D° and D*® arethe
measured oil densitiesat 0°C and 15 °C, respectively, and D (H,0)***istheliteraturevaluefor
thedengity of water at 15.56 °C. The AP Gravity isthen determined usingtheformula(API 82):

API = 1415/ (5.9.15%) - 131.5
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3.10

Method for Determining Dynamic Viscosity

Thedynamicviscosity of anoil sample, inmPa.sor cP, ismeasured usingaThermo-HaskeV T550
viscometer using standard NV and SV 1 cup-and-spindlesensors(Figure5). Measurementsare
madeat 0.0°Cand 15.0°C. Theinstrument iscalibrated with ASTM-traceablestandardsat 15.0
°C. Check standardsof pureethyleneglycol and glycerineareusedto validatethe NV and SV1
methodsrespectively. Control chartsarekept for each set of sensors, based ontheethyleneglycol
measurementsat 15.0 °Cfor theNV sensorsand glycerinemeasurementsat 20.0°Cfor theSV1
Sensors.

Figure5
Viscometer.

Fromaqualitative observationof theoil either theNV or the SV 1 sensor ischosento measurethe
sample. The NV sensor isused for oilswithviscositiesbelow 100 cP, the SV 1 sensor, for oils
above 70 cP. In both cases, the measurement cupisfilled with 9.1 mL of sample. Thesensor is
mounted onto theinstrument and the samplevolumeisadjustedtotheproper level. Thesampleis
allowedtoequilibratefor 15 minutesfor 15.0 °C measurements, or 30 minutesat 0.0 °C. Samples
and sensors are kept chilled at the appropriate temperature prior to use.

For the NV sensor, therotational shear rateisset at 1000/s, the SV 1 sensor at 50/s. If theoil is
observed to benon-Newtonian, single samplesarerun at shear ratesof 1/s, 10/sand 50/s. Indl
cases, thesensorsareramped up to speed over aperiod of fiveminutes. Theviscosity ismeasured
for asubsequent five minutes, sampled once per second. Theviscosity reportedisthat at timezero
of thesecond, constant-shear rateinterval. Thismay be obtai ned by themean of the constant-shear
rateinterval dataor by linear fit to thetime-viscosity seriesif friction-heating hasoccurred during
the measurement. For Newtonian samples, triplicate measurementsareaveraged and themean
reported as the absolute or dynamic viscosity. For non-Newtonian samples, viscosities are
reported for each of the three shear rates.
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3.11 Method for the Evaluation of the Stability of Emulsions Formed from Saline and Oils
and Oil Products

Water-in-oil emulsonsareformedin 2.2-litrefluorinated vessel son an end-over-end rotary mixer
(Associated Design, VA) at anominal rotationa speed of 50 RPM (Jokuty 95, Fingas 98b).

(2) A 600-mL volume of salt water (3.3% w/v NaCl) is dispensed into amixing vessal.
(2) A 30-mL aliquot of oil isadded to each vessel for a 1:20 oil:water ratio.

(3) Thevessasaresed ed and placed intherotary mixer suchthat thecap of eachmixing
vessal follows, rather than leads, the direction of rotation. Therotary mixer iskeptina
temperature controlled cold room at 15 °C..

(4) Thevessalsandtheir contentsareallowed to stand for approximately 4 hoursbefore
rotation begins, then mixed continuously for 12 hours.

(5) At the conclusionof themixingtime, theemulsionsare collected fromthevessel sfor
measurement of water content, viscosity and the complex modulus. Theemulsionsare
stored in the cold room at 15 °C for one week, then observed for changesin physica
appearance.

Emulsionsareclassifiedinto oneof four stability classes: unstable, entrained water, meso-stable
(Figure6) and stable (Figure7) . Water content for theemul sionsismeasured using method 5.6
Method for Determining Water Content. The complex modulus is measured on an RS300
RheoStress rheometer usinga35 mm plate-plategeometry. A stresssweepisperformedinthe
range 100 to 10,000 mPain the forced oscillation mode at a frequency of 1 Hz. The complex
modulus value in the linear viscoelastic region is reported.

Figure 6 Meso-stable emulsion of Figure 7 Stable emulsion of Sockeye
Alberta Sweet Mix Blend #5 (1991) and 33%o. brine.
(ASMB#5) and 33%o brine.
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3.12 Method for Determining the Chemical Dispersibility of an Oil or Oil Product

Thismethod determinestherel ativeranking of effectivenessfor thedispersibility of anoil sample
by the surfactant Corexit 9500. This method follows closely ASTM F2059.

A pre-mix of 1:25.0 dispersant:oil ismadeup by adding oil to 100mg of dispersant (approximately
2.50mL of oil intotal).

Six sde-spout Erlenmeyer flasks, asdescribedin ASTM F2059, containing 120 mL of 33%o brine
areplacedintoanincubator-shaker. Anaiquot of 100 : L of premix isadded to the surfaceof the
liquid in each flask, care being taken to not disturb the bulk brine. The flasks are mechanically
shaken at 20.0 °C with a rotation speed of 150 rpm for exactly 20 minutes (Figure 8). The
solutions are allowed to settle for 10 minutes.

Figure 8 Shaker flasks for dispersant effectiveness testing in
shaker/incubator.

Using the sidespout, 30 mL of theoil-in-water phaseistransferredto a250 mL separatory funnel,
first clearing the spout by draining 3mL of liquid. The 30 mL aliquot isextracted with 3x5mL of
70:30 (v:v) dichloromethane:pentane, collected into a 25-mL graduated cylinder (Figure 9).

SampleanaysisdoneusingaGC/FI D to determinetheoil concentrationinthesolvent. A 900 - L
aliquot of the 15-mL solvent extract iscombinedwith100 Z L of internal standard (200 ppm of
5-a-androstane in hexane) in a crimp-top injection via and shaken well. Total petroleum
hydrocarbon content of the sampleisquantified by theinternal standard method using thetotal
resolved peak area(RPA) and theaverage hydrocarbon responsefactor over theentireanal ytical
range:
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RPH = Argra/A s /IRRF x20 x15 x120 /30 /0.9

WhereRPH isthe resolved petroleum hydrocarbon (mg/mL ), Arqra. iSthetotal resolved peak
area, A s istheinterna standard peak areaand RRF isthe averagerel ativeresponsefactor for a
series of alkane standards covering the analytical range.

. R s b e e e
Figure 9 Agueous to methylene chloride extraction for
dispersant effectiveness testing.

Themethodiscalibrated using aseriesof six oil-in-sol vent mixturesprepared fromthe premix for
eachail. Thevolume of premix dispersant/oil solutionfor each standardisselectedtorepresenta
percentageefficiency of thedispersed ail. Thevolumeof thepremix isthen carefully appliedtothe
surface of the brine in a shaker flask and shaken exactly as one of the samples, as described
previoudy. Uponremoval fromtheshaker however, theentirecontentsof theflask istransferred
totheseparatory funnel. Thisisextracted with 3x20 mL of 70:30 (v:v) dichloromethane: pentane
and made up to 60 mL. Chromatographic quantitation is then performed using the formula:

RPH = Argra /A s /RRF x 20 X 60 x 120 /120 /0.9

The RPH values asafunction of %effectivenessfor the calibration standards are plotted. The
sample RPH values are then used to determine the %oeffectiveness of the dispersant.

Theresultsof thistest provide ameans of ranking effectivenessof dispersant/oil combinations
relativeto each other, but donot directly imply the effectivenessfor any other specific conditions.
Thisisdueto the broad range of parametersaffecting dispersant effectiveness: turbulent energy,
timeof mixing, dosagerate, brinesainity, temperature, evaporativel oss, dilution, settlingtimeand
thoroughness of the mixing between dispersant and ail.
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3.13 Method for the Determination of the Hydrocarbon Group Constituents

The asphaltene and resin mass fractions (Speight 91) of an ail or ail product are determined
gravimetrically. Theasphatene precipitationisaminor variation ontheproceduregivenin ASTM
method D 2007. The saturate fraction (F1) and aromatic fraction (F2) are cal culated by mass-
balancefromthetotal petroleum hydrocarbon measurement, method 3.17, following. Wax content
isdetermined by summing theindividua areasfor then-akanesn-C,s upton-C,,, inthesimulated
boiling point chromatograms, obtained in method 3.16.

A 60 mL quantity of n-pentaneisadded to apre-weighed sample of approximately 5g of ail. The
flask isshakenwell and alowed to stand for 30 minutes. Thesampleisfiltered througha0.45- - m
membrane using a minimum of rinsings of n-pentane. The precipitate is alowed to dry then
weighed. Theweight of the precipitateasafraction of theinitial oil sampleweightisreported as
the percentage asphaltenes (Figure 10).

Thefiltratefromthe precipitation, the* maltene” fraction, isrecovered and madeupto 100 mL with
n-pentane. A 15-g, 1-cmdiameter column of activated silicagel isprepared. Thetop of thecolumn
isprotected by al-cmlayer of sodiumsulphate. A 5-mL aliquot of themaltenefractionisloaded
ontothecolumn. A 60-mL volumeof 1:1 (v:v) benzene:hexaneisel uted throughthecolumnand
discarded. A 60-mL volume of methanal, followed by a60-mL volume of dichloromethaneare
€l uted through the column and combined. Themethanol/dichloromethanefractionsarereduced by
rotary evaporationand blown down to drynessunder nitrogen. The massfraction of thisdried
eluent, compensating for the volumefraction used, isreported asthe percentage of resinsinthe
sample (Figure 11).

M easurementsarerepeated threetimesfor each sample and the meansarereported asthe fina
values.

Figure 10 Asphaltenes after filtering and
drying.
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Figure 11 Resin samples being reduced under dry
nitrogen.

3.14 Method of Determining Adhesion

3.15

Ananalytical balanceisprepared by hangingan ASTM method D 6 standard penetrometer needle
fromthe balancehook and allowing the apparatusto stabilizeandtare. Approximately 80 mL of
oil sampleispouredintoal00-mL beaker. The beaker iselevated until the oil reachesthetop of
the stainlesssteel needle, but not touching thebrasssupport shaft. Theneedleiskeptimmersedin
oil for 30 seconds. Thebeaker isthenlowered until theneedleisclear of theoil. Thesystemisleft
undisturbed, closed insgdeadraft shield. After 30 minutestheweight of the oil adheringtothe
needleisrecorded. The massof theoil divided by the surface area of the needle isthe adhesion
of theail ing/cm?. Four measurementsaretaken for each oil sampleand themean reported asthe
final value (Jokuty 96).

Method of Determining Surface and Interfacial Tensions

Surfaceandinterfacial tensions, inmN/m, aremeasured using aKriissK 10 Tensiometer by the
deNouy ring method (Figures 12 and 13). Theexperimenta method used followsclosdly ASTM
method D 971. Theinstrument cdibrationischecked usngavendor-supplied we ght. M ethod and
operator performanceismonitored by periodic measurement of the surfacetension of p-xyleneat
15 °C. A control chart is kept of the history of check standard measurements.
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Figure 12 Digital Figure 13 Close-up of du Nouy ring interfacial tension
tensiometer. measurement of 33%. brine and diesdl

For samplefair surface tensions, the measurement ring isfirst zeroed inair. A smal amount of
sample, approximately 15mL, ispouredinto a43-mmdiameter vessal. Theringisdippedintothe
sample to adepth of no morethan 5 mm, then pulled up suchthat it isjust visble onthe surface
of the liquid. The system is allowed to rest for 30 seconds. The measurement is initiated,
automatically terminating whenthe upward pulling forceontheringjust balancesthedownward
force exerted by the liquid. The apparent surface tension, F,pp, is recorded.

For sample/water and sample/brine (3.3% w/v NaCl) interfacia tensons, theringiszeroed inthe
sample at adepth of not morethan5 mm. Theringisremoved and cleaned. A 25-mL volume of
water or brine is dispensed into a 43-mm diameter vessdl. The ring is dipped 5 mm into the
agueous phase. A 10-mL to 15-mL volume of sampleiscarefully poured down the side of the
vessal wall, with great caretaken so asto disturb theaqueous/oil interfaceaslittleaspossible. The
ringisthenraised to the bottomontheinterfaceand the systemisallowed to rest for exactly 30
seconds. Themeasurement isstarted and the apparent interfacial tensionisrecorded, F e, When
the force balance is reached.

The apparent surface tensionis corrected for mass of the upper phaselifted by the ring during
measurement using the Zuidema and Waters correction:

25 pp 16790

a% 7250+ 145 +0.04534
S =S . ——— —+0U. - x
Appg C?(D-d) RIr &
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3.16

3.17

where: F istheinterfacial tension, F ,ppistheinstrument scalereading, Cisthering diameter, D
isthedensity of thelower phase, disthe dengty of theupper phase, Ristheradiusof thedu Notiy
ring, and r is the radius of the ring wire. Measurements are made at 0.0 °C and 15.0 °C and
repeated intriplicate. Samples, aqueous phases and glasswareared| kept at temperaturefor a
minimum of 30 minutes before measurement. The mean of at least three corrected interfacia
tensionsis reported as the measured value.

Method for Determining the Simulated Boiling Point Distribution

Thisandysisis performed on an Anaytical Controls SIMDIS analyser, a modified Hewl ett-
Packard 5890 series|| gaschromatograph. Thesystem hasacustom cryogenically-cooled inlet
and ahigh-temperature column. Referenceand calibration mixturesarerun according to Analytical
Controls specifications.

Oil samplesare made up as 2% (m/m) solutions in carbon disulphide. Analiquot of 0.5 - L is
injected into the inlet. The inlet temperature program runs from 40 °C to 430 °C a 70 °C per
minute. Theoventemperatureprogramrunsfrom-20°Cfor 1 min, rampat 10°C/minto 430°C,
and holdfor 3minutesat thisfinal temperature. Theflameionization detector operatesat 430 °C.

TheAnalytical Controls Softwareoutputsaseriesof s mulated boiling point rangesasafunction
of temperatureand hasthe optionof producing a“wax report” for therel ative abundancesof al
n-alkanes in the oil sample.

Method for the Determination of Individual (n—Alkanes and Isoprenoids) and Total
Petroleum Hydrocarbons (TPH), Polycyclic Aromatic Hydrocarbons (PAHs) and
Biomarker Triterpanesand Steranesin Oil and Oil-spill-related Environmental Samples
(Water, Particulates and Soils/Sediments)

A chromatographic columnwithaPTFE-stopcock (10.5mmI.D. x 200 mmlength) isplugged
with borosilicate glass wool at the bottom, and serialy rinsed with methanol, hexane and
dichloromethane, and allowedto dry. The columnisdry-packedwith 3gramsof activatedsilica
gd withtappingto settlethesilicagel, and topped with about 0.5 cm anhydrous sodium sul phate.
The column is conditioned with 20 mL of hexane, and the eluent is discarded. Just prior to
exposure of the sodium sulphate layer to air, a200 - L of crude oil solution containing
approximately 16 mg of oil (~80 mg/mL in hexane) isquantitatively transferred onto thecolumn
usinganadditiona 3mL of hexaneto completethetransfer. All e uent uptothispointisdiscarded.
Twelve mL of hexane is used to elute diphatic hydrocarbons, and 15 mL of 50% benzenein
hexane (v/v) is used to €lute aromatic hydrocarbons.

Hdf of thehexanefraction (labelled"F1") isused for analysisof diphatics, triterpanesand steranes;

half of the50% benzenefractionislabelled"F2" and used for andyssof target PAHsand akylated
PAH homologues. Theremaining half of F1and F2iscombinedintoafraction (labelled as"F3")
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and usedfor the determinationof total petroleum hydrocarbons(TPH). Thesethreefractionsare
concentrated under astream of nitrogen to appropriatevolumes, spiked withinternal standards(5-
a-androstanefor GC-TPH and n-a kanedetermination, d,,-terphenyl for PAH analysis, and Cy,-
bb-hopanefor biomarker analyss), and then adjusted to accurate preinjection volumeof 0.5mL
for GC-MS and GC-FID analysis (see Figure 1 for oil analysis protocol).

Theconcentrationsof individual n-alkanes, sal ected i soprenoidssuch aspristaneand phytane, and
total petroleum hydrocarbons are determined by high resolution capillary GC/FID using the
following equation:

AW D

trati =2
Concentration (mg/ g) A RRF W\,

where:

As= Responsefor the analytein the sample, unitsmay bein area counts or
peak height.

As= Responsefor theinternal standard in the sample, units same as A,

Ws= Amount (ng) of internal standard added to the sample.

=  Dilutionfactor. If dilutionwasmadeonthesampleprior toanalysis. If no

dilution was made, D = 1, dimensionless.

Ws= Weight of sample extracted, g. Either adry or wet weight may be used,
depending upon the specific application of the data.

Notethat F1 and F2 are split in half for analyses, so thefinal concentration of

individual analytes must be multiplied by 2 in the Equation.

Prior to sampleanalysis, theinstrument iscalibrated using astandard sol ution, whichiscomposed
of Cgthrough C,, n-alkanes, and 5-a-androstane astheinternal standard. A 5-point calibration
isestablished demongtrating thelinear rangeof theanaysis. Therel ativeresponsefactor (RRF) for
each hydrocarbon componentiscal culated rel ativetotheinternal standard. Total GC detectable
petroleum hydrocarbons (TPH), defined asthe sum of resolved plus unresolved aliphatic and
aromatic hydrocarbons, isquantified by theinternal standard method using the baselinecorrected
total areaof thechromatogram. The RRF used for the determination of TPH istheaverageof the
n-alkane relative response factors over the entire analytical range.

Quantitation of target PAHs, akylated PAH, and dibenzothi ophene homol oguesisperformed on
GC/MSin SIM modewith RRFsfor each compound determined duringinstrument calibration. The
ionsmonitored are 128, 142, 156, 170, and 184 for alkyl homol oguesof naphthalene; 178, 192,
206, 220, and 234 for phenanthrene alkyl series; 184, 198, 212, and 226 for dibenzothiophene
alkyl series; and 166, 180, 194 and 208 for fluorene alkyl series. The RRF for target PAH
compoundsarecal culated fromauthentic standards. PAH alkyl homologuesarequantified by using
thestraight basdineintegration of eachlevd of akylation. Althoughthedkylated homologuegroups
can be quantified using the RRF of the respective unsubstituted parent PAH compounds, it is
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3.18

preferableto obtain the RRFsdirectly fromalkylated PAH standards, if they arecommercialy
available. Inthisproject, the RRFsobta ned from 1-methyl-naphthal ene, 2-methyl-naphthal ene,
2,6-dimethyl-naphthal ene, 2,3,5-trimethyl-naphthal ene, and 1-methyl-phenanthreneareused for
quantitation of 1-methyl-naphthaene, 2-methyl-ngphtha ene, C,-ngphthal ene, C;-naphthaene, and
C,-phenanthreneinoil, respectively. The RRFsof 2,3,5-trimethyl-naphthal ene and 1-methyl-
phenanthreneare used for quantification of C,-naphthalene, and C,-, C5-, and C,-phenanthrenes
respectively. Thesdlection criteriafor theintegrationand reporting of each akylated homologue
are based primarily on pattern recognition and the presence of selected confirmation ions.

Theaverage RRF for thebiomaker compound C;, 17b(H) 21a(H)-hopaneisdeterminedrelative
totheinternal standard C;, 17b(H) 21b(H)-hopane. TheaverageRRFfor C;, 17b(H) 21a(H)-
hopane (m/z 191) isused for quantitationof Cy, 17a(H) 21b(H)-hopane and other triterpanes
in the oil sample. For quantitation of steranes, the RRF of C,q 20R aaa-ethylcholestane
monitoredat m/z 217 isdeterminedrdativeto C,, 17b(H) 21b(H)-hopanemonitored at m/z 191,
and then the average RRF of C,4 20R aaa-ethylcholestane isused for estimation of sterane
compounds in the oil.

Analytical Method for Identification of BTEX Compounds and Alkyl Benzenes and
Direct Determination of BTEX and (BTEX + Cs-benzenes) in Oilsand Refined Products
by Gas Chromatography / Mass Spectrometry

The identification of BTEX and other alkyl substituted benzene components in oils are
accomplished based on mass spectral data, comparison of GC retention data with reference
standards, and cal culation of retentionindex valuesand comparisonwiththosereportedinthe
literature.

Quantitationof BTEX and (BTEX + C;-benzenes) isaccomplished by GC/M Susinganinterna
standard method. Thestrict quality control measuresareusedin order to guaranteetheprecision
and accuracy of anaytica data. The GC/M Siscarefully maintained and tuned daily to achievethe
required sengitivity. Prior to sampleanaysis, theinstrument iscalibrated using astandard solution
that iscomposed of 5 BTEX compounds, 6 C;-benzene compounds, 2C,-, 2 Cs-, 1 Cs- and 1
C,-benzene compounds. Theinternal standard used isd,,-ethylbenzene. A 5-point calibration
curvethat demonstratesthelinear range (0.01 ppmto 200 ppm) of theanal ysisisestablished for
each target compound. The RRFsfor each compounds are calcul ated relative to the interna
standard.

Oil samplesaredirectly weighed and di ssol ved in n-pentane (without using any solvent evaporation
and concentrationstep, which may resultinthelossof BTEX compounds) to an approximately
concentrationof 2mg/mL for GC/M Sanalysis. To achieveimproved precisionand accuracy of
analytica data, thefoll owing refinementsareimplementedin additionto theroutinequality control
measures: (1) Theail solutionsinviasaretightly capped to avoid any possible loss of volatile
BTEX compounds, and arethen put inarefrigerator for 30 minutesto preci pitatetheasphaltenes
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3.19

to the bottom of the vials in order to void performance deterioration of the column due to
introduction of asphaltenes; (2) Blanksand calibration check standardsareanalyzed beforeand
after each samplebatch (about 7-10 samples) to monitor anaysisprecision; (3) Cs-benzenesin
oil are quantified using the RRF directly obtained from the respective individua C;-benzene
standards instead of using the RRF obtained from benzene or C,/C, substituted benzenes.

Theconcentration of theanayteof interest inthe sampl eisdetermined using thefollowing equation:

Concentration (mg/ g) = AW D
A RRF W,
where:
As= Responsefor the anaytein the sample, unitsmay bein areacounts or

peak height.
As= Responsefor theinternal standard in the sample, units same as A..
Ws= Amount (ng) of internal standard added to the sample.
=  Dilutionfactor, if dilutionwasmadeonthesamplepriortoanaysis. If no
dilutionismade, D = 1. Dimensionless.
Ws= Weight of sample, ing.

Theextensvequditativeand quantitativeinformation obtained pertaining to dkyl benzenesisuseful
for eval uating weathering behaviour, potential toxicity, composition and concentration changesof
oil intheshort termfollowingaspill. Thedatacan bea so used to evaluatethefateand transport
of alkylated benzene compounds and other petroleum hydrocarbonsinthe environment andto
assess the possible biological effects and damage of the spill to the environment and natural
resources.

Method for the Determination of Trace Metalsin Oil Samples

The metal content of an ail or oil product is determined by oxidation of the il in hot acid,
dissol utionin agueoussol ution then measurement by inductivel y-coupled plasmaatomicemission
spectroscopy (ICP-AES).

Theoil sampleiswarmedinawater bathand mixed thoroughly. Approximately 1g of sampleis
weighedintoal50 mL teflonbeaker. To theoil isadded 0.5 mL of concentrated nitric acid and
1.5 mL of concentrated hydrochloric acid. The beaker is covered and heated on a 120 °C
hotplate. Thebesaker isswirled gently until themixturebeginstofume. A further amount of 0.5mL
of concentrated nitric acid and 1.5 mL of concentrated hydrochloric acid isadded to the beaker.
The beaker is recovered and heated until approximately 0.5 mL of the mixture remains.

Theacid-mixtureisquantitatively filteredinto aglasstest tubethrough aNumber 4 Whatman filter
with a delonized water rinse. The solution is made up to 10.00 mL. The solution is mixed
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3.20

thoroughly by vortex and submitted to the ICP-AES for analysis.

Thel CP-AESiscalibrated withcommercia multi-element agueousstandardsand verifiedusing
acertified agueousreference tandard. The 29 metd anaytesaredetermined from each respective
cdibration chart and corrected for the 10: 1 dilutionin sample preparation. Duplicate measurements
aremadefor each sample. Method blanks, matrix blanks, and blind standardswereincluded with
the analyte samples to ensure method performance.

The ICP-AES andysis was performed under contract to Environment Canada by Caduceon
Environmental Laboratories of Ottawa, Canada.

Method for the Sample Handling, Storage and Disposal of Oil and Oil Products
Thismethod describesthe proceduresfor the safeand non-destructive manipul ation and sampling
of hydrocarbonunknowns. Proceduresareoutlined for thereceptionand disbursal of samplesto

andfromthelaboratory, thehandling of oil to avoid damaging thesample, thetechniquesnecessary
to obtain a representative sample and the safe storage and disposal of oil.
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4, Summary of Quality Assurance and Quality Control (QA/QC) Plan
4.1  Quality Assurance Statement

Asafedera government scienceand technol ogy instituteit hasbeen one of our fundamental operating
principlesthat the Oil Research L aboratory of the Emergencies Scienceand Technology Division (ESTD)
of Environment Canadashoul d set an exampl eby adopting themost stringent standardspossiblefor our
work. A critical part of our official Mission Statement isto provide* specialized samplingand analytical
expertise and servicesof the highest standards’. Quality management has dways been afundamental
element of our programs. We continueto refine our quality procedures and protocol s whenever new
information and processesbecomeavailable. Our quality programiscertified through SCC-CAEAL, the
Standards Council of Canada/Canadian Association for Environmental Analytical Laboratories.
Participation in the SCC-CAEAL accreditation program provides us a systematic, internationally
recognized quality system. A quality web site has been created which provides staff with easy and fast
access to dl current and approved quality system documentation. The Emergencies Science and
Technology Divison QA/QC system includes the following:

-Laboratory profile, mission and organization,
-Quality system;

-Personnel;

-Methodol ogy;

-Service, equipment and supplies;

-Facilities;

-Sample management;

-Data management;

-Work load management.

4.2  Quality Assurance in Chemical Composition Methods

TheOil Research L aboratory at Emergencies Scienceand Technology Division presently performsthe
following chemica measurementsfor crudeoils, oil products, and oil-spill-related environmenta samples:
total petroleum hydrocarbons(TPH), total saturates, total aromatics,n-dkanedistribution, oil-characteristic
alkylated PAH homol ogousseries, and other EPA priority PAHS, BTEX and a kyl-benzenecompounds,
biomarker triterpanes and steranes. The methods of “ Analytical Method for Identification of BTEX
Compounds and Alkyl Benzenes and Direct Determination of BTEX and (BTEX + C3-benzenes) in
Oilsand Refined Products by Gas Chromatography/Mass Spectrometry” and “ Analytical Method
for the Determination of Individual n-Alkanesand | soprenoids and Total Petroleum Hydrocarbons
(TPH), Polycyclic Aromatic Hydrocarbons(PAHS), and Biomarker Triterpanesand Seranesin Oils,
PetroleumProducts, and Oil-spill-related Environmental Samples’ havebeenapproved by SCC and
CAEAL and have become official ETC methods.
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Chromatographic techniquesareused for analysesof oil chemical compositions. Inadditiontoaforma
quality control program, anumber of specific measureshave been added to the processing of oil samples
tomonitor quality control andto aidin assessment of thedataquality with respect tothe project objectives.
Animportant part of thisisthe eval uation of specific QC samplesfor accuracy, precision, and potential
contamination. Beforesampleandysis, afivepointinitia calibration composed of thetarget oil components
(for example, n-alkanesand EPA priority PAHS) are established, demonstrating thelinear rangeof the
analyses. Check standardsat the mid-point of the established calibrationcurvesarerunbeforeand after
eachandytical batch of samples(7-10 samples) to validatetheintegrity of theinitid calibration. Themethod
of internal standards(suchasEPA M ethod 8000 for PAH anadlysis) using theaveragerel ativeresponse
factors(RRF) generated fromthelinear initial calibrationisused to quantify thetarget oil compounds. The
RRF stability isakey factor in maintaining the quality of the analysis. Mass discrimination, that isthe
reduced responseof high molecul ar weight components, must becarefully monitored. If thereisaproblem
withmassdiscrimination, it can beminimized by trimming thecapillary columnand by replacing thequartz
liner intheinjectionport. All samplesand quality control samplesare spiked withappropriate surrogate
compoundsto measureindividua samplematrix effectsassoci ated with samplepreparationand anadysis.
Method detectionlimits(M DL ) studiesof target compoundsare performed according tothe procedure
described inthe EPA protocol titled “ Definition and Procedure for the Determination of the Method
Detection Limit” (Code of Federal Regulations 40 CFR Part 136). Control charts of standards are
prepared and monitored. Validations of analytesinthe control chart should beno morethan 25%from
historical average.

Tracemetd anaysiswasperformed under contract by Caduceon Environmental Laboratories,aCAEAL-
certfied|aboratory in Ottawa, Canada. Each batch of samplescontai ned reagent blanks, method duplicates
and matrix-matched referencematerials. Blind slandardswerea so submitted with theoilsfor analysis. The
| CP-AESwascalibrated usingcommercial standardsand verified against acertified reference standard.

4.3  Quality Assurance in Physical Property Methods

TheESTD Oil Research L aboratory performsthefollowing physica property measurementson crudeoils
and oil products: adhesion, boiling point distribution, density/API gravity, dispersibility, evaporation
eguation, flash point, hydrocarbon group analysis, sulphur content, surface and interfacia tensions,
viscosity, and water content. Many of these proceduresare ASTM standard methods, and must meet the
reproduci bility and repeatability of theappropriate method. Others, however, aremethodsdevel opedin-
house and control systems are defined for them in the standard operating procedures (SOP) for those
methods. The following table details the measurement procedures:

Adhesion In-house Method

Boiling Point Distribution Commercia Package
Density/API Gravity ASTM D5002
Dispersibility ASTM F2059

Evaporation Equation In-house Method

Flash Point ASTM D93 and ASTM D56
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Hydrocarbon Group Analysis In-house Method

Pour Point ASTM D97
Sulphur Content ASTM D4294
Surface and Interfacial Tensions ASTM D971
Viscosity In-house Method
Water Content ASTM DA4377

Two physical property methods are considered semi-quantitative: adhesionand pour point. For these
methods, athoughtherangeof variability intheresultsisclosely monitored, no calibrations, blanksor check
standardsarepreformed. Notethat while pour pointismeasured accordingto ASTM D97, no calibration
or check standard is specified by that method. Whilethe ASTM D97 reproducibility requirementsare
achieved, nofurther controlsfor pour point areused inthe Emergencies Scienceand Technology Division
Oil Research Laboratory.

Severd physcd property methodsrely onasingleinstrument andinvolveas mplemeasurement withlittle
samplemanipulation. Thesemeasurementsinclude: densty/AP! gravity, thedeve opment of theevaporation
equation, flash point, sul phur content, surfaceand interfacial tensions, viscosity and water content. For all

of thesemethods, theinstrumentsare calibrated asdirected by themanufacturer or theappropriate ASTM

method with chemical and/or gravimetric standardsasappropriate. Inaddition, instrumental and operator
performanceismonitored by periodic measurement of check standards. A logiskept for eachinstrument,
inwhichcalibrationand check standard measurementsarerecorded. Thecheck standard measurements
aremonitored closely. Failure of the check standard measurement to fal within the smaller of either a
historical 95% confidencelimit or theappropriate ASTM required repeatability resultsinaninvestigation
of the procedure. Thisinvestigationincludesrecaibration and measurement of the check standard until the
desired precision and accuracy is reached.

Findly, thelast classof physica property methodsinvolves gnificant samplepreparation, followed by a
measurement by gaschromatography or gravimetry. Thesemethodsinclude: boiling point distribution,
dispersbility, and hydrocarbon group analysis. Theboiling point distributionismesasured usngacommercia
package provided by Andytica Controls. Thequality control for thisprocedureinvolvestheminimization
of thevariance of acheck sample chromatogram. Thedispersibilitytest isdefined by ASTM F2059and
usesthe calibrationand standard proceduredefined by that method. Thehydrocarbon group analysisis
carried out under the same protocols as described for the other chromatographic techniques previously.

4.4  Example Method Quality Control Procedures
Asexamples, the QA/QC proceduresfollow takenfromatypical physical property method, for Surface
and Interfacial Tension (seemethod 5.15), and from thechemica composition method for determination

of theoil characteristic alkylated PAH homol oguesand other EPA priority unsubstituted PAH compounds
(see method 5.17):
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From the Standard Operating Procedure for the determination of the oil characteristic
alkylated PAH homologues and other EPA priority unsubstituted PAH compounds:

14. QUALITY CONTROL

141 Each laboratory that uses this method is required to operate a formal quality control program. The
minimum requirements of this program consist of an initial demonstration of laboratory capability
and the analysis of spiked samples as a continuing check on performance.

The laboratory is required to maintain performance records to define the quality of data that is
generated. Ongoing performance checks must be compared with established performance criteria
to determine if the results of analyses are within accuracy and precision limits expected of the
method.

14.2 The reliability of this method is dependent on the quality control procedures followed with each
analytical batch (approximately 7-10 samples), one procedure blank, one check standard, and one
standard oil are analyzed.

14.3 Initial Calibration and Continuing Calibration Check

14.3.1 Prior to the use of this method, a five-point response factor calibration curve must be
established showing the linear range of the analysis. Each calibration standard is
analyzed and the response factor (RRF) for each compound at each concentration level
is calculated.

14.3.2 A check standard at about the mid-point of the established calibration curve must be
analyzed before and after each set of up to 7 samples or once per working day, whichever
is more freguent, in order to determine the response factors for the analytes of interest
relative to the initial calibration. The PAH calibration standard (NIST SRM 1491)
contains 24 PAH compounds plus dibenzothiophene and 4 deuderated PAH surrogate
compounds. d,,-terphenyl is added to purified sample extract prior to GC/MS analysis as
an internal standard.

14.3.3 The percent difference between the response factors in the check standard and those of the
initial calibration is calculated using Equation 9:

(RRF| B RRFC) ,
RRF,

Difference(%o)= 100% )

where:
RRF, = Average response factor fromtheinitial calibration
RRF. = Response factor from continuing calibration

If the difference of response factors is within 20%, analyses may proceed. If not, a five-point
calibration curve must be repeated for that compound prior to analysis of the sample.

1434 RRF sability is a key factor in maintaining the quality of the analysis. Mass
discrimination, that is the reduced response of high molecular weight compounds, must be
carefully monitored. The ratio of RRF of n-C,, to n-C,,; should not be allowed to fall below
80% in the check standard. If there is a problem with mass discrimination, it can be
reduced by trimming the first 20 cm of the capillary column and by replacing the quartz
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14.4

145

14.6

14.7

14.8

liner in the injection port.
Procedural Blank Analysis
Surrogate Compounds Analysis

1451 All samples and quality control samples are required to be spiked with surrogate o-
terphenyl (OTP). OTP is spiked into sample prior to extraction. This will measure
individual sample matrix effects associated with sample preparation and analysis.
Recovery of surrogate OTP should be within 60% to 120%. If the recovery for any
surrogate standard does not fall within the control limits for method performance, the
following corrective actions can be taken:

(1) Check calculations to ensure there are no errors.

(2) Check instrument performance and initial standard and surrogate solutions for
degradation, contamination or other possible problems.

(3) reanalyze the sample or extract if the steps above fail to reveal a problem. If reanalysis
yields surrogate recoveries within the stated limits, the reanalysis data will be used.

14.5.2 If the surrogate could not be measured because the sample diluted prior to analysis, or
surrogate co-elutes with a compound, no corrective action needs be taken.

A control chart of the standard should be prepared and monitored. Variations of analytes in the
control chart should be no more than 25% from historical average.

Detection Limit
Under optimum conditions an instrumental detection limit of 8 pg/ - L per PAH target analyte (mean
value) can be achieved.

GC Resolution

The target compounds, surrogate and internal standards must be resolved from one another and
from interfering compounds. Potential problems may arise from the lack of baseline resolution of
these compounds. Corrective action must be taken to correct resolution problem, i.e. rerun samples
with a different temperature program.

From the Standard Operating Procedure for the determination of surface and interfacial

tensions:

10 QUALITY CONTROL

10.1 Each laboratory that uses this method is required to operate a formal quality control program. The
minimum requirements of this program consist of an initial demonstration of laboratory capability
and the analysis of reference standards as a continuing check on performance.

10.2 The laboratory is required to maintain performance records to define the quality of data that is
generated. Ongoing performance checks must be compared with established performance criteria
to determine if the results of analyses are within accuracy and precision limits expected of the
method.

10.3 Before performing any analysis, the analyst must demonstrate the ability to generate acceptable

accuracy and precision with this method.
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10.4

10.5

10.6

10.7

A method log book is maintained, containing all instrumental maintenance and calibration and
check standard measurements.

The instrument is calibrated using a standard weight provided by the manufacturer. The instrument
calibration is checked before each batch of samples and recorded in the log book. If the instrument
calibration is outside the manufacturer’'s parameters, the cause must be investigated and the fault
corrected.

A check standard of p-xylene is used to define the operating characteristics of the instrument. Before
each batch of samples is measured, a sample of reagent grade p-xylene is measured in triplicate at
15 °C. These measurements are noted in the instrument log book and tracked to ensure instrument
and operator performance.

If the check standard falls outside the historical 95% confidence limit, as tracked by a control plot,
the instrument function and/or operator technique is corrected as necessary. ASTM method D971
requires a repeatability of 4%, approximately +1.2 mN/m. Measurements are not to be taken until
the check standard measurements fall within the acceptable range for accuracy and precision.
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5.1

5.2

5.3

5.4

5.5

Physical Properties and Chemical Composition of Alaska North Slope

Crude Oil (2002)

Origin: Alaska, U.S.A (the oil wasdrawn asaline sample off the TAPS pipelinewhere
it spurs off to the Petrostar Refinery in Vadez on March 19, 2002)

Synonyms.  ANS

Appearance: Brown-black, light, little odour, fine black particul ates dispersed through-out

liquid.

Valuesarereportedfor thefresh oil and for artificially weathered fractionsof 10.0%, 22.5% and

30.5% loss by weight.

API Gravity

30.89 (calc)

Equation for Predicting Evaporation

%Ev = (2.86 + 0.045T) Int

Where: %Ev = weight percent evaporated; T = surface temperature (°C); t = time (minutes)

Sulphur Content

Weathering Sulphur
(weight %) (weight %)
0 1.11 (n=3)
10.0 1.20 (n=3)
225 1.38 (n=3)
30.5 1.50 (n=3)
Water Content
Weathering Water
(weight %) (volume %)
0 <0.1 (n=3)
10.0 <0.1 (n=3)
225 <0.1 (n=3)
30.5 <0.1 (n=3)




5.6 Flash Point

Weathering Flash Point
(weight %) (°C)
0 <-8 (n=3)
10.0 19 (n=3)
225 75 (n=3)
30.5 115 (n=3)
5.7 Density
Weathering Temperature Density
(weight %) (°C) (g/mL)
0 0 0.8777 (n=3)
15 0.8663 (n=3)
10.0 0 0.9054 (n=3)
15 0.8940 (n=3)
225 0 0.9303 (n=3)
15 0.9189 (n=3)
30.5 0 0.9457 (n=3)
15 0.9340 (n=3)
5.8  Pour Point
Weathering Pour Point
(weight %) (°C)

0 -32 (n=2)
10.0 -20 (n=2)
225 -9 (n=2)
30.5 -6 (n=2)
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5.9 Dynamic Viscosity

Weathering Temperature Viscosity
(weight %) (°C) (cP)
0 0 232 (n=3)
15 115 (n=3)
10.0 0 76.7 (n=3)
15 318 (n=3)
225 0 614 (n=2)
15 152 (n=3)
305 0 4230 (n=2)
15 624.7 (n=2)
5.10 Chemical Dispersibility
Weathering Chemical Dispersibility
(weight %) using Corexit 9500 ( %)
0 47 (n=6)
10.0 45 (n=6)
225 34 (n=6)
305 15 (n=6)
5.11 Adhesion
Weathering Adhesion
(weight %) (gm’)
0 20 (n=4)
10.0 35 (n=4)
225 38 (n=4)
305 40 (n=4)
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5.12 Surfaceand Interfacial Tensions

5.12.1 Surface Tension (Oil/Air Interfacial Tension)

Weathering Temperature Surface Tension
(weight %) (°0) (mN/m)
0 0 27.3 (n=3)
15 26.4 (n=3)
10.0 0 29.8 (n=3)
15 28.4 (n=3)
225 0 31.2 (n=3)
15 30.4 (n=3)
30.5 0 33.1 (n=3)
15 318 (n=3)
5.12.2 Qil/Brine (33%o) Interfacial Tension
Weathering Temperature Surface Tension
(weight %) (°C) (mN/m)
0 0 225 (n=3)
15 20.2 (n=3)
10.0 0 25.3 (n=3)
15 231 (n=3)
225 0 26.8 (n=3)
15 24.2 (n=3)
305 0 30.1 (n=3)
15 25.6 (n=3)

37



5.12.3 Oil/Fresh Water Interfacial Tension

Weathering Temperature Surface Tension
(weight %) (°0) (mN/m)
0 0 26.7 (n=3)
15 236 (n=3)
10.0 0 28.1 (n=3)
15 255 (n=3)
225 0 30.8 (n=3)
15 27.7 (n=3)
305 0 332 (n=3)
15 30.2 (n=3)

5.13 Emulsion Formation

Weathering Visual Stability Complex Modulus Emulsion
(weight %) (Pa) Water Content (%)
0 Unstable
10.0 Unstable
225 Unstable
30.5 Mesostable 155 72.9
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5.14 Boailing Point Distribution

Cumulative Weight Fraction (%)

Boiling Point 0% 10.0% 22.5% 30.5%
(°C) weathered weathered weathered weathered
40 25 0.1
60 3.9 0.5
80 6.5 14
100 10.0 3.6
120 134 6.6 0.1
140 16.6 9.8 0.6
160 19.8 131 2.0
180 22.6 16.3 4.4
200 25.2 19.2 7.3 0.5
250 32.6 27.4 16.6 75
300 40.7 36.4 27.0 18.7
350 495 46.1 38.2 311
400 57.7 55.3 48.7 42.8
450 66.0 64.5 59.3 54.5
500 72.8 72.1 68.2 64.2
550 79.0 79.0 76.0 72.8
600 84.1 84.7 82.6 79.9
650 88.4 89.5 88.0 85.8
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5.15 Hydrocarbon Groups

Concentration

(weight %)
0% 10.0% 22.5% 30.5%
Component weathered weathered weathered weathered
Saturates 75.0 72.1 69.2 64.8
Aromatics 15.0 16.0 16.5 185
Resins 6.1 7.4 8.9 10.3
Asphaltenes 4.0 44 54 6.4
Waxes 26 29 33 3.6
5.16 Volatile Organic Compounds
Concentration
(ug/g oil)
0% 30.5%

Component weathered weathered

Benzene 2866 0

Toluene 5928 0

Ethylbenzene 1319 0

Xylenest 6187 0

C,-Benzenest 5620 30

Total BTEX 16300 0

Total BTEX and Cs;- 21920 30

Benzenest

t“Xylenes’ include o-, m-, and p-xylene isomers.
1 C,-Benzenes” include eight isomers.
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5.17

n-Alkane Distribution

Concentration (mg/g oil)

0% 30.5%
n-Alkane Component weathered weathered
n-C8 5.55
n-C9 4.29
n-C10 4.13
n-C11 3.98 0.73
n-C12 3.71 251
n-C13 3.57 3.80
n-Cl4 3.42 4.58
n-C15 3.28 4.34
n-C16 3.15 4.05
n-C17 3.06 4.00
Pristane 1.89 241
n-C18 2.68 3.46
Phytane 141 1.80
n-C19 2.32 2.93
n-C20 211 271
n-C21 1.96 2.50
n-C22 1.90 2.45
n-C23 1.79 2.34
n-C24 1.65 2.16
n-C25 1.47 1.94
n-C26 1.27 1.73
n-C27 0.97 1.28
n-C28 0.78 1.03
n-C29 0.70 0.98
n-C30 0.56 0.69
n-C31 0.44 0.60
n-C32 0.31 0.43
n-C33 0.27 0.33
n-C34 0.24 0.31
n-C35 0.22 0.25
n-C36 0.11 0.14
n-C37 0.09 0.13
n-C38 0.07 0.10
n-C39 0.05 0.07
n-C40 0.03 0.06
n-C41 0.02 0.04
TOTAL 63.4 56.9
C17/PRISTANE 1.62 1.66
C18/PHYTANE 19 192
PRISTANE/PHYTANE 1.35 134
CPI 0.9 1.0

41



ANS Fresh

OO MAN-AO

(1o 6/6w) "ouo)d

ovro-u
8€0-U
9€0-U
veD-U
[A%0RT]
0€D0-u
8¢0-u
9¢0-u
¥2o-u
2¢o-u
0¢o-u
auelAyd
auelsud
9TO-u
¥10-u
¢T1o-u
0TO-u
80-U

ANS 30.5% w

n < o N -

(110 6/6w) "ou0)d

T
o

oro-u
8€0-U
9€0-u
vED-U
¢eD-u
0ED-U
820-u
9¢o-u
¥co-u
2coru
0¢o-u
auelfyd
auelsld
9TO-u
y1o-u
¢T1o-u
0To-u
80-U

n—Alkane Distribution for Alaska North Slope crude oil (mg/g

ail)

Figure 5.1

42



5.18 PAH Distribution

Concentration (ug/g oil)

0% 30.5%
Alkylated PAH weathered weathered
Naphthalene
CO-N 261 167
C1-N 1015 1288
C2-N 1800 2716
C3-N 1702 2575
C4-N 815 1174
Sum 5594 7919
Phenanthrene
CO-P 209 295
C1-P 666 932
C2-P 710 988
C3-P 486 707
C4-P 296 432
Sum 2368 3354
Dibenzothiophene
C0-D 122 174
C1-D 225 319
C2-D 318 456
C3-D 265 362
Sum 931 1312
Fluorene
CO-F 142 197
Cl-F 328 449
C2-F 447 647
C3-F 379 525
Sum 1295 1819
Chrysene
co-Cc 48 68
Ci1-C 74 107
c2-C 99 141
C3C 84 115
Sum 306 430
TOTAL 10493 14834
2-m-N/1-m-N 1.49 141
(3+2-m/phen)/(4-/9-+1m-phen) 0.76 0.76
4-m:2/3m:1-m-DBT 1:0.65:0.34 1:0.65:0.34
Other PAHs
Biphenyl 134.71 176.9
Acenaphthylene 12.03 18.43
Acenaphthene 13.03 20.02
Anthracene 2.88 4.55
Fluoranthene 2.88 381
Pyrene 8.40 11.92
Benz(a)anthracene 4.64 8.11
Benzo(b)fluoranthene 5.14 7.49
Benzo(k)fluoranthene 0.50 0.70
Benzo(e)pyrene 10.28 14.74
Benzo(a)pyrene 2.26 3.69
Perylene 3.01 4.42
Indeno(1,2,3cd)pyrene 0.13 0.25
Dibenz(a,h)anthracene 0.63 1.02
Benzo(ghi)perylene 3.13 491
TOTAL 204 281
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5.19 Biomarker Concentrations

Concentration (pg/g oil)

0% 30.5%
Biomarker weathered weathered
c23 65.6 91.8
C24 40.8 57.8
C29 77.6 104.6
C30 116.6 161.1
C31(9) 46.9 64.1
C31(R) 33.0 46.1
C32(9) 34.2 46.5
C32(R) 21.6 30.9
C33(9) 21.6 31.0
C33(R) 13.3 19.3
C34(9) 15.1 21.0
C34(R) 8.6 12.4
Ts 20.9 31.8
Tm 28.5 43.0
C27abb steranes 73.6 103.2
C29abb steranes 84.2 113.8
TOTAL 702 978
Diagnostic Ratios
C23/C24 1.61 1.59
C23/C30 0.56 0.57
C24/C30 0.35 0.36
C29/C30 0.67 0.65
C31(9)/C31(R) 142 1.39
C32(9)/C32(R) 1.58 151
C33(9)/C33(R) 1.62 1.60
C34(S)/C34(R) 1.76 1.70
TYTm 0.73 0.74
C27abb/C29abb 0.87 0.91
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6. Physical Properties and Chemical Composition of Alberta Sweet Mixed
Blend (ASM B, Reference #5)

6.1  Origin: Alberta, Canada (ESTD storage, originaly from ESSO, Alberta, Canada)
Synonyms.  ASMB #5

Vauesarereportedfor thefresh oil andfor artificially weathered fractions of 12.6%, 24.3% and

36.8% loss by weight.
6.2 APl Gravity

35.72 (calo)

6.3  Equation for Predicting Evaporation

%Ev =(3.35 +0.045 T) In't

Where: %Ev = weight percent evaporated; T = surface temperature (°C); t = time (minutes)

6.4  Sulphur Content

Weathering Sulphur
(weight %) (weight %)
0 0.63 (n=3)
12.6 0.70 (n=3)
24.3 0.78 (n=3)
36.8 0.89 (n=3)
6.5 Water Content
Weathering Water
(weight %) (volume%o)
0 <0.1 (n=3)
12.6 <0.1 (n=3)
243 <0.1 (n=3)
36.8 <0.1 (n=3)
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6.6 Flash Point

Weathering Flash Point
(weight %) (°C)
0 -4.3 (n=2)
12.6 27.8 (n=3)
24.3 67.8 (n=3)
36.8 >110 (n=2)
6.7  Density
Weathering Temperature Density
(weight %) (°C) (g/mL)
0 0 0.8536 (n=3)
15 0.8404 (n=3)
12.6 0 0.8805 (n=3)
15 0.8676 (n=3)
24.3 0 0.8987 (n=3)
15 0.8852 (n=3)
36.8 0 0.9151 (n=3)
15 0.9017 (n=3)
6.8  Pour Point
Weathering Pour Point
(weight %) (°C)

0 -18 (n=2)
12.6 -12 (n=2)
24.3 -12 (n=2)
36.8 9 (n=2)
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6.9  Dynamic Viscosity

Weathering Temperature Viscosity
(weight %) (°C) (cP)
0 0 236 (n=3)
15 6.1 (n=3)
12.6 0 45.3 (n=3)
15 138 (n=3)
24.3 0 D=1 14170
D =10 1802
D =100 310
15 315 (n=3)
36.8 0 D=1 41690
D =10 6097
D =100 897
15 1232 (n=3)
6.10 Chemical Dispersibility
Weathering Chemical Dispersibility
(weight %) using Corexit 9500 ( %)
0 28.1 (n=6)
12.6 26.6 (n=6)
24.3 17.2 (n=6)
36.8 10.9 (n=6)
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6.11 Adhesion

Weathering Adhesion
(weight %) (gm?)
0 4.8 (n=3)
12.6 25.0 (n=4)
24.3 33.6 (n=4)
36.8 437 (n=3)
6.12 Surfaceand Interfacial Tensions
6.12.1 Surface Tension (Oil/Air Interfacial Tension)
Weathering Temperature Surface Tension
(weight %) (°0) (mN/m)
0 0 28.3 (n=3)
15 255 (n=3)
12.6 0 29.1 (n=3)
15 27.2 (n=3)
24.3 0 30.1 (n=3)
15 28.0 (n=3)
36.8 0 311 (n=3)
15 29.9 (n=3)
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6.12.2 Oil/Brine (33%o) Interfacial Tension

Weathering Temperature Surface Tension
(weight %) (°0) (mN/m)
0 0 19.2 (n=3)
15 231 (n=3)
12.6 0 29.0 (n=3)
15 231 (n=3)
243 0 21.1 (n=3)
15 24.1 (n=3)
36.8 0 20.1 (n=3)
15 232 (n=3)
6.12.3 Oil/Fresh Water Interfacial Tension
Weathering Temperature Surface Tension
(weight %) (°C) (mN/m)
0 0 30.7 (n=3)
15 14.3 (n=3)
12.6 0 33.9 (n=3)
15 16.0 (n=3)
24.3 0 311 (n=3)
15 15.3 (n=3)
36.8 0 32.7 (n=3)
15 14.3 (n=3)
6.13 Emulsion Formation
Weathering Visual Stability Complex Modulus Emulsion
(weight %) (Pa) Water Content (%)
0 Meso 133 89.6
12.6 Meso 409 92.9
24.3 Stable 630 87.7
36.8 Stable 1025 86.0
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6.14 Boiling Point Distribution

Cumulative Weight Fraction (%)

Boiling Point 0% 12.6% 24.3% 36.8%
(°C) weathered weathered weathered weathered
40 2.4 0.2
60 3.8 0.8 0.1
80 6.5 1.6 0.1
100 10.2 34 0.1
120 13.6 6.1 0.2
140 174 9.5 11
160 215 138 34
180 25.9 18.2 7.2 0.1
200 29.7 22.4 114 11
250 39.4 32.8 23.1 104
300 495 435 35.5 24.5
350 59.5 54.5 48.1 39.3
400 68.0 63.5 58.6 51.6
450 76.0 72.1 68.7 63.4
500 82.2 78.9 76.5 727
550 86.6 84.0 82.4 79.7
600 90.4 87.7 86.6 84.7
650 93.1 90.4 89.7 88.3
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6.15 Hydrocarbon Groups

Concentration

(weight %)
0% 12.6% 24.3% 36.8%
Component weathered weathered weathered weathered
Saturates 77.3 77.0 76.5 72.4
Aromatics 16.8 15.7 154 18.0
Resins 4.2 54 5.7 6.5
Asphaltenes 17 20 24 31
Waxes 32 35 4.0 44
6.16 Volatile Organic Compounds
Concentration
(ug/g oil)
0% 36.8%

Component weathered weathered

Benzene 2261 0

Toluene 5308 10

Ethylbenzene 1646 0

Xylenest 8954 0

C,-Benzenest 1240 110

Total BTEX 18170 10

Total BTEX and Cs;- 30570 120

Benzenest

t“Xylenes’ include o-, m-, and p-xylene isomers.
1“C,-Benzenes” include eight isomers.

52



6.17 n-AlkaneDistribution

Concentration (mg/g oil)

0% 36.8%
n-Alkane Component weathered weathered
n-C8
n-C9 5.52
n-C10 5.09
n-C11 5.02 1.39
n-C12 4.45 4.12
n-C13 4.43 5.93
n-Cl4 4.37 5.92
n-C15 457 6.98
n-C16 4.18 6.69
n-C17 3.85 6.16
Pristane 2.45 4.05
n-C18 3.14 5.19
Phytane 1.96 3.28
n-C19 3.01 4.85
n-C20 2.80 4.33
n-C21 2.56 4.13
n-C22 2.29 3.72
n-C23 2.02 3.34
n-C24 1.86 2.96
n-C25 175 2.83
n-C26 1.56 2.44
n-C27 1.30 2.07
n-C28 1.14 1.83
n-C29 1.03 1.66
n-C30 0.76 1.28
n-C31 0.66 1.06
n-C32 0.44 0.74
n-C33 0.35 0.52
n-C34 0.29 0.49
n-C35 0.24 0.43
n-C36 0.10 0.18
n-C37 0.08 0.12
n-C38 0.05 0.09
n-C39 0.04 0.06
n-C40 0.03 0.05
n-C41
TOTAL 78.8 88.9
C17/PRISTANE 1.58 152
C18/PHYTANE 161 1.58
PRISTANE/PHYTANE 125 1.23
CPI 0.96 1.04
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6.18 PAH Distribution

Concentration (ug/g oil)

0% 36.8%
Alkylated PAH weathered weathered
Naphthalene
CO-N 245 153
C1-N 987 1209
C2-N 1769 2662
C3N 1734 2830
C4-N 763 1311
Sum 5498 8165
Phenanthrene
COo-P 141 235
C1-P 559 924
C2-P 642 1052
C3-P 456 748
C4-P 294 487
Sum 2092 3446
Dibenzothiophene
Co-D 121 201
C1D 219 360
C2-D 298 501
C3-D 201 333
Sum 839 1395
Fluorene
CO-F 81 133
Cl-F 189 317
C2-F 289 475
C3-F 295 481
Sum 854 1405
Chrysene
co-C 29 49
C1-C 62 107
c2-C 100 169
C3C 92 159
Sum 282 483
TOTAL 9565 14895
2-m-N/1-m-N 1.75 1.65
(3+2-m/phen)/(4-/9-+1m-phen) 0.95 0.95
4-m:2/3m:1-m-DBT 1:0.74:0.28 1:0.76:0.28
Other PAHs
Biphenyl 70.8 99.5
Acenaphthylene 7.61 11.97
Acenaphthene 15.95 26.31
Anthracene 2.09 3.87
Fluoranthene 245 424
Pyrene 18.28 21.57
Benz(a)anthracene 2.94 5.36
Benzo(b)fluoranthene 2.94 4.61
Benzo(k)fluoranthene 0.49 0.62
Benzo(e)pyrene 8.71 15.21
Benzo(a)pyrene 0.86 1.25
Perylene 1.72 2.62
Indeno(1,2,3cd)pyrene 0.74 0.75
Dibenz(a,h)anthracene 1.25 1.8
Benzo(ghi)perylene 2.94 4.36
TOTAL 140 203
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6.19 Biomarker Concentrations

Concentration (pg/g oil)

0% 36.8%
Biomarker weathered weathered
c23 48.4 83.0
C24 25.5 43.1
C29 57.0 103.6
C30 87.7 155.9
C31(9) 334 58.5
C31(R) 31.7 54.6
C32(9) 24.9 40.4
C32(R) 17.4 28.8
C33(9) 15.2 25.6
C33(R) 10.7 17.7
C34(S) 10.1 17.7
C34(R) 6.3 10.4
Ts 26.1 46.1
Tm 23.8 422
C27abb steranes 51.5 87.3
C29abb steranes 60.2 107.5
TOTAL 530 922
Diagnostic Ratios
C23/C24 1.90 1.93
C29/C30 0.55 0.53
C31(9)/C31(R) 0.29 0.28
C32(9)/C32(R) 0.65 0.66
C33(9)/C33(R) 1.05 1.07
C34(S)/C34(R) 1.44 1.40
TYTm 143 145
C27abb/C29abb 1.60 1.69
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7. Physical Properties and Chemical Composition of Arabian Light (2000)

7.1  Origin:
Synonyms.  None

Valuesarereported for thefr esh oil and for artificially weathered fractionsof 9.2%, 17.6% and

26.0% loss by weight.
7.2  API Gravity

31.30 (calo)

7.3 Equation for Predicting Evaporation

%Ev =(2.4 + 0.045T) Int

Saudi Arabia (Sampled from Irving Oil Refinery, St. John, NB, 2000)

Where: %Ev = weight percent evaporated; T = surface temperature (°C); t = time (minutes)

7.4  Sulphur Content

Weathering Sulphur
(weight %) (weight %)
0 1.93 (n=3)
9.2 2.17 (n=3)
17.6 2.36 (n=3)
26.0 2.60 (n=3)
7.5  Water Content
Weathering Water
(weight %) (volume %)
0 <0.1 (n=3)
9.2 <0.1 (n=3)
17.6 <0.1 (n=3)
26.0 <0.1 (n=3)
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7.6 Flash Point

Weathering Flash Point
(weight %) (°C)
0 <-10 (n=2)
9.2 365 (n=3)
17.6 717 (n=3)
26.0 >110 (n=2)
7.7  Density
Weathering Temperature Density
(weight %) (°C) (g/mL)
0 0 0.8776 (n=3)
15 0.8641 (n=3)
9.2 0 0.8994 (n=3)
15 0.8660 (n=3)
17.6 0 0.9154 (n=3)
15 0.9028 (n=3)
26.0 0 0.9321 (n=3)
15 0.9193 (n=3)
7.8  Pour Point
Weathering Pour Point
(weight %) (°C)

0 21 (n=2)
9.2 -15 (n=2)
17.6 -8 (n=1)
26.0 -9 (n=2)
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7.9  Dynamic Viscosity

Weathering Temperature Viscosity
(weight %) (°C) (cP)
0 0 32.6 (n=3)
15 13.0 (n=3)
9.2 0 776 (n=3)
15 27.4 (n=3)
17.6 0 D=1 3546
D =10 1073
D =100 368
15 59.9 (n=3)
26.0 0 D=1 17190
D =10 3869
D =100 1096
15 1737 (n=3)
7.10 Chemical Dispersibility
Weathering Chemical Dispersibility
(weight %) using Corexit 9500 ( %)
0 19.0 (n=6)
9.2 13.8 (n=6)
17.6 10.0 (n=6)
26.0 7.9 (n=6)
7.11 Adhesion
Weathering Adhesion
(weight %) (gm)
0 17 (n=3)
9.2 28 (n=3)
17.6 30 (n=4)
26.0 35 (n=3)
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7.12 Surface and Interfacial Tensions

7.12.1 Surface Tension (Oil/Air Interfacial Tension)

Weathering Temperature Surface Tension
(weight %) (°0) (mN/m)
0 0 27.2 (n=3)
15 26.0 (n=3)
9.2 0 29.2 (n=3)
15 27.9 (n=3)
17.6 0 30.6 (n=3)
15 28.4 (n=3)
26.0 0 30.9 (n=3)
15 30.2 (n=3)
7.12.2 Qil/Brine (33%o) Interfacial Tension
Weathering Temperature Surface Tension
(weight %) (°C) (mN/m)
0 0 213 (n=3)
15 216 (n=3)
9.2 0 222 (n=3)
15 22.8 (n=3)
17.6 0 16.4 (n=3)
15 24.6 (n=3)
26.0 0 26.8 (n=3)
15 20.4 (n=3)
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7.12.3 Oil/Fresh Water Interfacial Tension

Weathering Temperature Surface Tension
(weight %) (°0) (mN/m)
0 0 235 (n=3)
15 2338 (n=3)
9.2 0 22.4 (n=3)
15 220 (n=3)
17.6 0 283 (n=3)
15 25.7 (n=3)
26.0 0 30.1 (n=3)
15 22.4 (n=3)
7.13 Emulsion Formation
Weathering Visual Stability Complex Modulus Emulsion
(weight %) (Pa) Water Content (%)
0 Meso 92.7 91.1
9.2 Meso 212 88.6
17.6 Stable 274 83.8
26.0 Stable 503 83.8
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7.14 Boiling Point Distribution

Cumulative Weight Fraction (%)

Boiling Point 0% 9.2% 17.6% 26.0%
(°C) weathered weathered weathered weathered
40 11
60 13
80 17
100 4.7 12
120 6.8 29 0.1
140 9.6 5.3 0.6
160 12.6 8.2 2.0
180 15.9 117 4.7 0.2
200 19.1 15.0 8.0 12
250 26.8 235 17.3 8.6
300 35.1 324 27.3 19.4
350 43.7 41.7 37.7 30.9
400 51.4 50.1 47.0 41.4
450 58.9 58.2 56.1 51.5
500 65.5 65.4 64.0 60.5
550 71.4 718 711 68.5
600 76.2 77.0 76.8 75.0
650 80.1 81.2 81.4 80.2
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7.15 Hydrocarbon Groups

Concentration

(weight %)
0% 9.2% 17.6% 26.0%
Component weathered weathered weathered weathered
Saturates 75.5 73.3 72.4 70.1
Aromatics 15.2 16.9 16.7 16.3
Resins 57 6.0 6.6 8.8
Asphaltenes 3.6 38 4.3 4.8
Waxes 27 29 32 3.6
7.16 Volatile Organic Compounds
Concentration
(ug/g oil)
0% 26.0%

Component weathered weathered

Benzene 979 11

Toluene 3050 74

Ethylbenzene 1995 434

Xylenest 4927 1508

C,-Benzenest 8620 6520

Total BTEX 10950 2030

Total BTEX and Cs;- 19570 8550

Benzenest

t“Xylenes’ include o-, m-, and p-xylene isomers.
1“C,-Benzenes” include eight isomers.



7.17 n-AlkaneDistribution

Concentration (mg/g oil)

0% 26.0%
n-Alkane Component weathered weathered
n-C8 6.87
n-C9 7.61
n-C10 7.25 0.29
n-C11 7.00 2.47
n-C12 6.41 5.41
n-C13 5.93 6.56
n-C14 5.62 7.13
n-C15 5.30 7.14
n-C16 4.76 6.46
n-C17 3.99 551
Pristane 0.57 0.79
n-C18 3.42 4.55
Phytane 1.13 151
n-C19 2.79 3.88
n-C20 2.57 3.43
n-C21 2.24 3.17
n-C22 1.98 2.62
n-C23 157 2.19
n-C24 1.43 2.01
n-C25 112 154
n-C26 1.00 1.38
n-C27 0.80 1.16
n-C28 0.71 1.02
n-C29 0.58 0.92
n-C30 0.48 0.69
n-C31 0.40 0.61
n-C32 0.29 0.42
n-C33 0.21 0.29
n-C34 0.18 0.24
n-C35 0.15 0.19
n-C36 0.08 0.11
n-C37 0.06 0.06
n-C38 0.05 0.05
n-C39 0.03 0.04
n-C40 0.02 0.03
n-C41
TOTAL 84.6 73.9
C17/PRISTANE 6.95 6.99
C18/PHYTANE 3.03 3.02
PRISTANE/PHYTANE 0.51 0.52
CPI 0.93 1.00
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7.18 PAH Distribution

Concentration (ug/g oil)

0% 26.0%
Alkylated PAH weathered weathered
Naphthalene
CO-N 50.3 25.7
C1-N 391.7 3325
C2-N 1123.3 903.8
C3N 1542.2 1739.9
C4-N 831.2 1000.2
Sum 3939 4002
Phenanthrene
COo-P 51.2 64.1
C1-P 293.0 367.5
C2-P 384.5 488.0
C3-P 310.2 393.1
C4-P 257.1 328.2
Sum 1296 1641
Dibenzothiophene
C0-D 147.7 181.2
C1-D 438.8 544.4
C2-D 770.3 980.6
C3-D 675.9 856.6
Sum 2033 2563
Fluorene
CO-F 35.2 404
Cl-F 94.6 117.7
C2-F 183.9 222.1
C3-F 199.0 251.9
Sum 513 632
Chrysene
co-Cc 13.0 16.8
C1-C 29.5 37.9
c2-C 54.4 72.7
C3-C 69.8 90.1
Sum 167 217
TOTAL 7947 9055
2-m-N/1-m-N 0.98 0.97
(3+2-m/phen)/(4-/9-+1m-phen) 0.55 0.55
4-m:2/3m:1-m-DBT 1:0.87:057 1:0.88:057
Other PAHs
Biphenyl 7.83 8.79
Acenaphthylene 7.83 8.66
Acenaphthene 2.86 3.22
Anthracene 0.99 1.73
Fluoranthene 0.27 0.37
Pyrene 4.10 5.07
Benz(a)anthracene 0.50 1.98
Benzo(b)fluoranthene 161 2.48
Benzo(k)fluoranthene 0.99 111
Benzo(e)pyrene 4.22 5.69
Benzo(a)pyrene 124 1.99
Perylene 0.00 0.00
Indeno(1,2,3cd)pyrene 0.52 0.74
Dibenz(a,h)anthracene 0.49 112
Benzo(ghi)perylene 1.86 2.23
TOTAL 37 43
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7.19 Biomarker Concentrations

Concentration (pg/g oil)

0% 26.0%
Biomarker weathered weathered
c23 17.7 21.6
C24 6.6 7.9
C29 152.2 184.2
C30 124.6 148.9
C31(9) 79.9 96.5
C31(R) 65.7 773
C32(9) 48.1 57.2
C32(R) 29.8 36.7
C33(9) 27.0 325
C33(R) 17.8 21.9
C34(S) 14.4 175
C34(R) 8.8 11.1
Ts 42.6 51.3
Tm 36.5 43.8
C27abb steranes 35.1 40.4
C29abb steranes 55.1 67.6
TOTAL 762 917
Diagnostic Ratios
C23/C24 2.70 2.72
C29/C30 0.14 0.14
C31(9)/C31(R) 0.05 0.05
C32(9)/C32(R) 1.22 1.24
C33(9)/C33(R) 1.22 1.25
C34(S)/C34(R) 1.62 1.56
TYTm 151 1.49
C27abb/C29abb 1.63 1.58
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8. Physical Properties and Chemical Composition of Sockeye (2000)

8.1 Origin:

Synonyms.  Sockeye Sour
Appearance: Black, heavy, sticky, sour odour.

Valuesarereportedfor thefresh oil andfor artificialy weathered fractionsof 6.9%, 13.0% and

19.8% loss by weight.
8.2  API Gravity

19.32 (calo)

8.3  Equation for Predicting Evaporation

%Ev =(1.52 + 0.045 T) Int

Cdlifornia, U.SA. (ViaU.S. Dept. Int., M.M.S., OHMSETT, NJ)

Where: %Ev = weight percent evaporated; T = surface temperature (°C); t = time (minutes)

8.4  Sulphur Content

Weathering Sulphur
(weight %) (weight %)
0 451 (n=3)
6.9 4.95 (n=3)
13.0 5.19 (n=3)
19.8 5.47 (n=3)
85  Water Content
Weathering Water
(weight %) (volume%o)
0 0.8 (n=3)
6.9 0.1 (n=3)
13.0 0.1 (n=3)
19.8 <0.1 (n=3)
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8.6 Flash Point

Weathering Flash Point
(weight %) (°C)
0 -4 (n=4)
6.9 35 (n=3)
13.0 72 (n=3)
19.8 >110 (n=2)
8.7  Density
Weathering Temperature Density
(weight %) (°C) (g/mL)
0 0 0.9465 (n=3)
15 0.9354 (n=3)
6.9 0 0.9642 (n=3)
15 0.9537 (n=3)
13.0 0 0.9798 (n=3)
15 0.9692 (n=3)
19.8 0 0.9951 (n=3)
15 0.9839 (n=3)
8.8  Pour Point
Weathering Pour Point
(weight %) (°C)

0 -25 (n=2)
6.9 -18 (n=2)
13.0 2 (n=2)
19.8 13 (n=2)
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8.9  Dynamic Viscosity

Weathering Temperature Viscosity
(weight %) (°C) (cP)
0 0 3220 (n=3)
15 761 (n=3)
6.9 0 13600 (n=3)
15 2720 (n=3)
13.0 0 143000" (n=3)
15 15100 (n=3)
19.8 0 5300000 (n=3)
15 274000 (n=3)

" Measured at a shear rate of 1 s* with a 60mm a cone and plate sensor.

™ Measured under static conditions with a 60mm cone and plate sensor, applied shear stress of 100 Pa.

8.10 Chemical Dispersibility

Weathering Chemical Dispersibility
(weight %) using Corexit 9500 ( %)
0 11.8 (n=6)
6.9 9.6 (n=6)
13.0 10.1 (n=6)
19.8 8.9 (n=6)
8.11 Adhesion
Weathering Adhesion
(weight %) (gm)
0 70 (n=4)
6.9 70 (n=4)
13.0 90 (n=4)
19.8 350 (n=4)
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8.12 Surfaceand Interfacial Tensions

8.12.1 SQurface Tension (Oil/Air Interfacial Tension)

Weathering Temperature Surface Tension
(weight %) (°0) (mN/m)
0 0 30.1 (n=4)
15 28.8 (n=4)
6.9 0 NM
15 313 (n=3)
13.0 0 NM
15 32.2 (n=3)
19.8 0 NM
15 NM
8.12.2 Qil/Brine (33%o) Interfacial Tension
Weathering Temperature Surface Tension
(weight %) (°C) (mN/m)
0 0 23.0 (n=3)
15 21.9 (n=3)
6.9 0 NM
15 231 (n=3)
13.0 0 NM
15 NM
19.8 0 NM
15 NM
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8.12.3 Oil/Fresh Water Interfacial Tension

Weathering Temperature Surface Tension
(weight %) (°0) (mN/m)
0 0 237 (n=3)
15 21.4 (n=3)
6.9 0 NM
15 24.9 (n=3)
13.0 0 NM
15 NM
19.8 0 NM
15 NM

8.13 Emulsion Formation

Weathering Visual Stability Complex Modulus Emulsion
(weight %) (Pa) Water Content (%)

0 Meso-stable 183 75.6

6.9 Meso-stable 251 73.3

13.0 Entrained Water 391 53.4

19.8 Entrained Water 1298 17.7
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8.14 Boailing Point Distribution

Cumulative Weight Fraction (%)

Boiling Point 0% 6.9% 13.0% 19.8%
(°C) weathered weathered weathered weathered
40 0.4
60 0.4
80 15 0.1
100 33 0.7
120 51 1.6
140 7.1 31 0.2
160 9.2 5.0 0.9
180 113 7.1 2.3
200 13.2 9.2 4.1 0.4
250 18.9 154 105 4.6
300 24.7 21.6 171 113
350 30.9 28.3 24.2 19.0
400 36.8 34.6 30.9 26.3
450 43.3 41.7 285 34.6
500 50.1 49.0 46.4 434
550 57.3 56.6 54.9 52.9
600 63.5 63.2 62.1 60.9
650 69.2 69.1 68.5 68.0
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8.15 Hydrocarbon Groups

Concentration

(weight %)
0% 6.9% 13.0% 19.8%
Component weathered weathered weathered weathered
Saturates 49.2 46.2 444 40.3
Aromatics 17.2 17.6 18.0 18.0
Resins 151 16.4 171 17.2
Asphaltenes 185 19.8 20.5 245
Waxes 16 17 18 21
8.16 Volatile Organic Compounds
Concentration
(ug/g oil)
0% 19.8%

Component weathered weathered

Benzene 1343 9

Toluene 2031 12

Ethylbenzene 974 0

Xylenest 3880 1

C,-Benzenest 5810 70

Total BTEX 8230 20

Total BTEX and Cs;- 14040 90

Benzenest

t“Xylenes’ include o-, m-, and p-xyleneisomers.
11" C;-Benzenes’ include eight isomers.
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8.17 n-Alkane Distribution

Concentration (mg/g oil)

0% 19.8%
n-Alkane Component weathered weathered
n-C8 1.27
n-C9 0.95
n-C10 0.85
n-C11 1.02 0.13
n-C12 1.14 0.63
n-C13 1.37 1.08
n-Cl4 1.43 152
n-C15 154 1.73
n-C16 152 1.76
n-C17 1.32 155
Pristane 1.68 1.90
n-C18 1.19 141
Phytane 1.79 211
n-C19 1.08 1.25
n-C20 1.02 1.20
n-C21 0.91 1.09
n-C22 0.81 0.97
n-C23 0.71 0.85
n-C24 0.65 0.75
n-C25 0.59 0.71
n-C26 0.51 0.60
n-C27 0.30 0.37
n-C28 0.30 0.36
n-C29 0.30 0.36
n-C30 0.28 0.29
n-C31 0.23 0.28
n-C32 0.15 0.17
n-C33 0.14 0.17
n-C34 0.23 0.24
n-C35 0.33 0.39
n-C36 0.07 0.10
n-C37 0.08 0.10
n-C38 0.07 0.08
n-C39 0.03 0.04
n-C40 0.02 0.02
n-C41
TOTAL 259 24.2
C17/PRISTANE 0.78 0.82
C18/PHYTANE 0.66 0.67
PRISTANE/PHYTANE 0.94 0.90
CPI 0.95 1.00
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8.18 PAH Distribution

Concentration (ug/g oil)

0% 19.8%
Alkylated PAH weathered weathered
Naphthalene
CO-N 111 72
C1-N 511 560
C2-N 1057 1272
C3-N 1144 1541
C4-N 599 824
Sum 3424 4269
Phenanthrene
CO-P 60 76
C1-P 237 314
C2-P 319 424
C3-P 283 362
C4-P 179 241
Sum 1078 1417
Dibenzothiophene
Co-D 34 45
C1-D 86 117
C2-D 155 216
C3-D 128 171
Sum 404 550
Fluorene
CO-F 13 17
Cl-F 39 50
C2-F 68 89
C3-F 64 84
Sum 183 239
Chrysene
co-Cc 5 7
Ci1-C 11 15
c2-C 22 29
C3-C 22 29
Sum 61 81
TOTAL 5149 6556
2-m-N/1-m-N 1.35 1.33
(3+2-m/phen)/(4-/9-+1m-phen) 1.09 1.10
4-m:2/3m:1-m-DBT 1:0.89:0.36 1:0.89:0.35
Other PAHs
Biphenyl 34.23 38.98
Acenaphthylene 6.72 8.99
Acenaphthene 7.70 10.37
Anthracene 2.20 3.12
Fluoranthene 1.22 1.62
Pyrene 5.01 6.75
Benz(a)anthracene 3.18 4.25
Benzo(b)fluoranthene 0.98 112
Benzo(k)fluoranthene 0.40 0.50
Benzo(e)pyrene 1.59 2.50
Benzo(a)pyrene 0.49 0.50
Perylene 19.32 25.98
Indeno(1,2,3cd)pyrene 0.00 0.00
Dibenz(a,h)anthracene 0.12 0.20
Benzo(ghi)perylene 0.86 1.00
TOTAL 84 106
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8.19 Biomarker Concentrations

Concentration (pg/g oil)

0% 19.8%
Biomarker weathered weathered
c23 46.2 57.7
C24 31.3 38.9
C29 61.2 78.2
C30 99.5 126.5
C31(9) 38.7 52.3
C31(R) 40.6 54.4
C32(9) 275 36.9
C32(R) 18.9 25.3
C33(9) 18.8 26.3
C33(R) 12.8 18.1
C34(9) 8.4 11.9
C34(R) 5.7 8.0
Ts 6.9 8.7
m 354 429
C27abb steranes 207.8 262.1
C29abb steranes 151.7 191.4
TOTAL 811 1039
Diagnostic Ratios
C23/C24 1.48 1.48
C23/C30 0.46 0.46
C24/C30 0.31 0.31
C29/C30 0.62 0.62
C31(9)/C31(R) 0.95 0.96
C32(9)/C32(R) 1.45 1.46
C33(9)/C33(R) 1.47 1.46
C34(S)/C34(R) 1.47 1.48
Ts/Tm 0.19 0.20
C27abb/C29abb 1.37 1.37
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9. Physical Properties and Chemical Composition of South Louisiana
(2001)

9.1  Origin: Baton Rouge, Louisiana, U.S.A. (Exxon-Mobil)
Synonyms.  Louisiana

Vauesarereportedfor thefr esh oil andfor artificially weathered fractionsof 10.9%, 19.7% and
27.7% loss by weight.

9.2  API Gravity
32.72 (calo)
9.3  Equation for Predicting Evaporation

%EV =(2.74 + 0.045 T) Int

Where: %Ev = weight percent evaporated; T = surface temperature (°C); t = time (minutes)

9.4  Sulphur Content

Weathering Sulphur
(weight %) (weight %)
0 0.49 (n=3)
10.9 0.71 (n=3)
19.7 0.79 (n=3)
27.7 0.88 (n=3)

95 Water Content

Weathering Water
(weight %) (volume %)
0 <0.1 (n=3)
10.9 <0.1 (n=3)
19.7 <0.1 (n=3)
27.7 <0.1 (n=3)
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9.6 Flash Point

Weathering Flash Point
(weight %) (°C)
0 <-10 (n=2)
10.9 423 (n=3)
19.7 80.7 (n=3)
27.7 >110 (n=2)
9.7 Density
Weathering Temperature Density
(weight %) (°C) (g/mL)
0 0 0.8668 (n=3)
15 0.8562 (n=3)
10.9 0 0.8888 (n=3)
15 0.8770 (n=3)
19.7 0 0.9025 (n=3)
15 0.8906 (n=3)
27.7 0 0.9135 (n=3)
15 0.9018 (n=3)
9.8  Pour Point
Weathering Pour Point
(weight %) (°C)

0 -41 (n=2)
10.9 -19 (n=2)
19.7 -14 (n=1)
27.7 -11 (n=2)
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9.9 Dynamic Viscosity

Weathering Temperature Viscosity
(weight %) (°C) (cP)
0 0 185 (n=3)
15 10.1 (n=3)
10.9 0 54.8 (n=3)
15 237 (n=3)
19.7 0 217.3 (n=3)
15 48.9 (n=2)
27.7 0 515.9 (n=3)
15 141.0 (n=3)
9.10 Chemical Dispersibility
Weathering Chemical Dispersibility
(weight %) using Corexit 9500 ( %)
0 265 (n=6)
10.9 235 (n=6)
19.7 15.8 (n=6)
27.7 10.3 (n=6)
9.11 Adhesion
Weathering Adhesion
(weight %) (gm’)
0 24 (n=4)
10.9 34 (n=4)
19.7 50 (n=5)
27.7 28 (n=4)




9.12 Surfaceand Interfacial Tensions

9.12.1 Surface Tension (Oil/Air Interfacial Tension)

Weathering Temperature Surface Tension
(weight %) (°0) (mN/m)
0 0 283 (n=3)
15 26.1 (n=3)
10.9 0 29.3 (n=3)
15 28.1 (n=3)
19.7 0 30.4 (n=3)
15 29.4 (n=3)
27.7 0 311 (n=3)
15 29.8 (n=3)
9.12.2 Qil/Brine (33%o) Interfacial Tension
Weathering Temperature Surface Tension
(weight %) (°C) (mN/m)
0 0 20.9 (n=2)
15 16.8 (n=3)
10.9 0 220 (n=3)
15 19.4 (n=2)
19.7 0 220 (n=3)
15 222 (n=2)
27.7 0 20.6 (n=4)
15 18.4 (n=3)
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9.12.3 Qil/Fresh Water Interfacial Tension

Weathering Temperature Surface Tension
(weight %) (°0) (mN/m)
0 0 20.8 (n=3)
15 155 (n=2)
10.9 0 25.2 (n=3)
15 15.8 (n=3)
19.7 0 25.3 (n=3)
15 223 (n=3)
27.7 0 24.7 (n=3)
15 21.9 (n=3)

9.13 Emulsion Formation

Weathering Visual Stability Complex Modulus Emulsion
(weight %) (Pa) Water Content (%)
0 Unstable
10.9 Unstable
19.7 Unstable
277 Unstable
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9.14 Boailing Point Distribution

Cumulative Weight Fraction (%)

Boiling Point 0% 10.9% 19.7% 27.7%

(°C) weathered weathered weathered weathered
40 12

60 1.6

80 21

100 5.6 0.9

120 8.2 2.4 0.1

140 111 4.8 0.4

160 14.1 7.8 1.6 0.1
180 175 114 4.0 0.3
200 20.6 14.9 7.2 14
250 29.8 25.2 18.1 10.6
300 39.9 36.6 30.6 24.1
350 49.7 47.7 42.8 375
400 58.1 57.0 53.1 49.0
450 65.8 65.7 62.7 59.6
500 72.0 727 70.4 68.2
550 77.1 785 76.7 75.2
600 80.9 82.8 815 80.5
650 83.8 86.0 85.0 84.5

87



9.15 Hydrocarbon Groups

Concentration
(%)

0% 10.9% 19.7% 27.7%
Component weathered weathered weathered weathered
Saturates 80.8 80.4 78.4 77.3
Aromatics 12.6 12.3 125 133
Resins 5.9 6.4 8.0 8.0
Asphaltenes 0.8 0.9 11 15
Waxes 17 18 2.0 22

9.16 Volatile Organic Compounds

Concentration

(ug/g oil)
0% 27.7%

Component weathered weathered
Benzene 1598 0
Toluene 3552 10
Ethylbenzene 891 0
Xylenest 6164 2
C,-Benzenest 6680 190
Total BTEX 12210 12
Total BTEX and Cs;- 18890 202
Benzenest

t“Xylenes’ include o-, m-, and p-xylene isomers.
1“C,-Benzenes” include eight isomers.
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9.17

n-Alkane Distribution

Concentration (mg/g oil)

0% 27.7%
n-Alkane Component weathered weathered
n-C8 4.33
n-C9 4.12
n-C10 4.12 0.21
n-C11 4.56 181
n-C12 4.25 3.81
n-C13 4.14 4.94
n-Cl4 3.81 5.19
n-C15 3.88 5.29
n-C16 3.48 4.75
n-C17 3.05 4.13
Pristane 2.10 2.76
n-C18 2.24 3.11
Phytane 1.35 184
n-C19 2.00 261
n-C20 1.70 2.27
n-C21 155 211
n-C22 1.33 181
n-C23 1.13 1.58
n-C24 1.03 1.44
n-C25 0.92 1.28
n-C26 0.72 1.08
n-C27 0.54 0.78
n-C28 0.49 0.70
n-C29 0.42 0.62
n-C30 0.38 0.54
n-C31 0.31 0.46
n-C32 0.23 0.34
n-C33 0.18 0.27
n-C34 0.16 0.24
n-C35 0.15 0.20
n-C36 0.08 0.12
n-C37 0.07 0.10
n-C38 0.05 0.08
n-C39 0.04 0.07
n-C40 0.03 0.05
n-C41 0.02 0.04
TOTAL 59.0 56.7
C17/PRISTANE 1.45 150
C18/PHYTANE 1.65 1.68
PRISTANE/PHYTANE 155 1.49
CPI 0.95 1.02
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9.18 PAH Distribution

Concentration (ug/g oil)

0% 27.7%
Alkylated PAH weathered weathered
Naphthalene
CO-N 248.6 164.1
C1-N 952.7 1058.9
C2-N 1500.1 1965.6
C3N 1765.7 2403.6
C4A-N 886.3 1222.3
Sum 5353 6815
Phenanthrene
CO-P 134.4 188.3
C1-P 569.8 777.8
C2-pP 654.6 887.1
C3-P 427.4 574.6
C4-P 251.8 349.6
Sum 2038 2777
Dibenzothiophene
C0-D 40.0 55.4
C1-D 125.7 172.4
C2-D 237.4 3231
C3-D 205.5 272.6
Sum 609 823
Fluorene
CO-F 67.3 94.8
Cl-F 181.7 253.2
C2-F 291.4 396.4
C3-F 246.0 354.1
Sum 804 1098
Chrysene
co-C 23.0 304
C1-C 58.8 80.1
c2-C 81.6 108.4
C3C 69.1 90.7
Sum 233 310
TOTAL 9037 11823
2-m-N/1-m-N 1.63 1.59
(3+2-m/phen)/(4-/9-+1m-phen) 1.00 1.01
4-m:2/3m:1-m-DBT 1:0.62:0.31 1:0.61:0.31
Other PAHs
Biphenyl 94.32 120.60
Acenaphthylene 8.15 10.70
Acenaphthene 17.90 24.27
Anthracene 247 361
Fluoranthene 3.70 5.10
Pyrene 8.64 11.33
Benz(a)anthracene 5.19 6.35
Benzo(b)fluoranthene 2.10 3.73
Benzo(k)fluoranthene 0.37 124
Benzo(e)pyrene 4.07 5.97
Benzo(a)pyrene 0.49 0.62
Perylene 30.37 38.95
Indeno(1,2,3cd)pyrene 0.50 112
Dibenz(a h)anthracene 0.86 112
Benzo(ghi)perylene 1.23 1.99
TOTAL 180 237
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9.19 Biomarker Concentrations

Concentration (pg/g oil)

0% 27.7%
Biomarker weathered weathered
c23 16.9 22.7
Cc24 11.2 14.7
C29 59.9 75.9
C30 81.5 105.6
C31(9) 31.0 40.2
C31(R) 275 35.7
C32(9) 20.1 25.1
C32(R) 13.6 17.4
C33(9) 12.2 15.4
C33(R) 8.8 10.5
C34(9) 6.1 7.3
C34(R) 4.4 5.2
Ts 19.0 24.3
Tm 23.1 30.3
C27abb steranes 65.0 85.8
C29abb steranes 72.8 94.3
TOTAL 473 610
Diagnostic Ratios
C23/Cc24 1.50 154
C23/C30 0.21 0.21
C24/C30 0.14 0.14
C29/C30 0.73 0.72
C31(9)/C31(R) 113 113
C32(9)/C32(R) 1.48 1.44
C33(9)/C33(R) 1.39 1.46
C34(S)/C34(R) 137 141
Ts/Tm 0.82 0.80
C27abb/C29abb 0.89 0.91
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10. Physical Properties and Chemical Composition of West Texas
I nter mediate (2002)

10.1 Origin: Galveston, Texas, U.SA. (ViaTexas A & M)
Synonyms.  None

Vauesarereportedfor thefresh oil andfor artificially weathered fractionsof 10.1%, 21.0% and
31.7% loss by weight.

10.2 API Gravity
34.38 (calo)
10.3 Equation for Predicting Evaporation

%Ev =(3.08 + 0.045T) Int

Where: %Ev = weight percent evaporated; T = surface temperature (°C); t = time (minutes)

10.4 Sulphur Content

Weathering Sulphur
(weight %) (weight %)
0 0.86 (n=3)
10.1 1.01 (n=3)
210 1.11 (n=3)
317 1.24 (n=3)

10.5 Water Content

Weathering Water
(weight %) (volume%o)
0 <0.1 (n=3)
10.1 <0.1 (n=3)
210 <0.1 (n=3)
317 <0.1 (n=3)
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10.6 Flash Point

Weathering Flash Point
(weight %) (°C)
0 <-10 (n=2)
10.1 32.8 (n=3)
210 66.0 (n=3)
317 >110 (n=2)
10.7 Density
Weathering Temperature Density
(weight %) (°C) (g/mL)
0 0 0.8594 (n=3)
15 0.8474 (n=3)
10.1 0 0.8792 (n=3)
15 0.8665 (n=3)
210 0 0.8956 (n=3)
15 0.8827 (n=3)
317 0 0.9103 (n=3)
15 0.8973 (n=3)
10.8 Pour Point
Weathering Pour Point
(weight %) (°C)

0 -22 (n=2)
10.1 -12 (n=2)
210 1 (n=2)
317 7 (n=2)
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10.9 Dynamic Viscosity

Weathering Temperature Viscosity
(weight %) (°C) (cP)
0 0 19.2 (n=3)
15 8.6 (n=3)
10.1 0 421 (n=3)
15 16.4 (n=3)
210 0 253.6 (n=3)
15 375 (n=3)
317 0 853.6 (n=3)
15 112.3 (n=3)
10.10 Chemical Dispersibility
Weathering Chemical Dispersibility
(weight %) using Corexit 9500 ( %)
0 27.7 (n=6)
10.1 236 (n=6)
210 133 (n=6)
317 12.8 (n=6)
10.11 Adhesion
Weathering Adhesion
(weight %) (gm’)
0 12.4 (n=3)
10.1 16.8 (n=4)
21.0 27.6 (n=4)
317 332 (n=3)
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10.12 Surface and Interfacial Tensions

10.12.1 Surface Tension (Oil/Air Interfacial Tension)
Weathering Temperature Surface Tension
(weight %) (°C) (mN/m)
0 0 27.4 (n=3)
15 26.0 (n=3)
10.1 0 28.7 (n=3)
15 27.6 (n=3)
21.0 0 29.7 (n=3)
15 28.7 (n=3)
317 0 314 (n=3)
15 29.2 (n=3)
10.12.2 Qil/Brine (33%o) Interfacial Tension
Weathering Temperature Surface Tension
(weight %) (°C) (mN/m)
0 0 18.8 (n=3)
15 15.6 (n=3)
10.1 0 19.4 (n=3)
15 14.6 (n=3)
21.0 0 19.2 (n=3)
15 12.6 (n=3)
317 0 19.9 (n=3)
15 17.3 (n=3)
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10.12.3 Oil/Fresh Water Interfacial Tension

Weathering Temperature Surface Tension
(weight %) (°C) (mN/m)
0 0 19.3 (n=3)
15 15.8 (n=3)
10.1 0 19.9 (n=3)
15 18.1 (n=3)
21.0 0 21.0 (n=3)
15 17.2 (n=3)
317 0 227 (n=3)
15 17.1 (n=3)
10.13 Emulsion Formation
Weathering Visual Stability Complex Modulus Emulsion
(weight %) (Pa) Water Content (%)
0 Unstable
10.1 Unstable
21.0 Mesostable 19.1 82.7
31.7 Mesostable 81.9 83.6
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10.14 Boiling Point Distribution

Cumulative Weight Fraction (%)

Boiling Point 0% 10.1% 21.0% 31.7%
(°C) weathered weathered weathered weathered
40 0.7
60 0.7
80 1.0
100 55 18
120 8.9 4.2 0.1
140 12.6 75 0.9
160 16.2 11.2 2.8
180 20.0 153 6.2 0.4
200 235 19.2 10.1 19
250 324 29.0 21.1 114
300 41.2 38.9 323 23.7
350 50.0 48.7 434 36.2
400 575 57.0 52.9 47.0
450 64.6 64.9 61.9 57.2
500 70.7 717 69.6 66.0
550 75.8 77.4 76.2 73.4
600 79.8 81.8 81.2 79.1
650 82.8 85.2 85.0 83.3
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10.15 Hydrocarbon Groups

Concentration

(weight %)
0% 10.1% 21.0% 31.7%
Component weathered weathered weathered weathered
Saturates 78.5 78.6 76.3 74.8
Aromatics 14.8 13.7 14.6 13.8
Resins 6.0 6.9 8.0 9.9
Asphaltenes 0.7 0.8 11 16
Waxes 28 31 34 4.0
10.16 Volatile Organic Compounds
Concentration
(ug/g oil)
0% 31.7%

Component weathered weathered

Benzene 4026 0

Toluene 7395 13

Ethylbenzene 4845 0

Xylenest 7105 1

C,-Benzenest 10190 310

Total BTEX 23370 14

Total BTEX and Cs;- 33560 324

Benzenest

t“Xylenes’ include o-, m-, and p-xylene isomers.
1“C,-Benzenes” include eight isomers.
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10.17 n-Alkane Distribution

Concentration (mg/g oil)

0% 31.7%
n-Alkane Component weathered weathered
n-C8 7.08
n-C9 6.80
n-C10 7.59 0.43
n-C11 7.84 331
n-C12 6.72 6.21
n-C13 6.57 8.20
n-Cl4 5.93 8.10
n-C15 5.53 7.94
n-C16 5.02 7.19
n-C17 4.76 6.77
Pristane 1.99 2.79
n-C18 3.39 4.76
Phytane 1.85 2.56
n-C19 3.38 4.74
n-C20 2.78 3.87
n-C21 251 3.56
n-C22 2.35 3.37
n-C23 1.92 2.78
n-C24 1.73 252
n-C25 1.52 2.28
n-C26 1.33 1.93
n-C27 1.07 157
n-C28 1.02 154
n-C29 0.88 1.33
n-C30 0.71 1.04
n-C31 0.57 0.86
n-C32 0.45 0.67
n-C33 0.34 0.52
n-C34 0.31 0.51
n-C35 0.28 0.45
n-C36 0.14 0.22
n-C37 0.10 0.16
n-C38 0.08 0.13
n-C39 0.06 0.10
n-C40 0.04 0.08
n-C41 0.02 0.05
TOTAL 94.7 925
C17/PRISTANE 2.40 2.43
C18/PHYTANE 1.83 1.86
PRISTANE/PHYTANE 1.07 1.09
CPl 0.95 1.05
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10.18 PAH Distribution

Concentration (ug/g oil)

0% 31.7%
Alkylated PAH weathered weathered
Naphthalene
CO-N 292.6 212.8
C1-N 951.6 1056.6
C2-N 1451.7 1517.0
C3N 1546.3 2025.8
C4-N 929.5 1257.2
Sum 5172 6069
Phenanthrene
CO-P 125.2 176.6
C1-P 358.9 505.3
C2-P 350.6 510.9
C3-P 264.5 372.6
C4-P 196.2 278.7
Sum 1295 1844
Dibenzothiophene
Co-D 139.0 194.6
C1D 207.1 293.1
C2-D 268.4 377.6
C3-D 201.2 279.8
Sum 826 1145
Fluorene
CO-F 48.9 63.0
Cl-F 108.6 141.3
C2-F 160.7 208.8
C3-F 140.2 186.5
Sum 458 600
Chrysene
co-C 135 19.3
C1-C 225 31.8
c2-C 327 475
C3C 314 47.0
Sum 100 146
TOTAL 7841 9804
2-m-N/1-m-N 127 122
(3+2-m/phen)/(4-/9-+1m-phen) 0.72 0.71
4-m:2/3m:1-m-DBT 1:0.94:0.46 1:0.95:0.46
Other PAHs
Biphenyl 68.45 82.79
Acenaphthylene 11.08 14.09
Acenaphthene 8.84 11.47
Anthracene 1.00 1.87
Fluoranthene 212 3.12
Pyrene 6.72 10.22
Benz(a)anthracene 124 1.50
Benzo(b)fluoranthene 1.37 1.75
Benzo(k)fluoranthene 0.37 0.37
Benzo(e)pyrene 3.48 5.24
Benzo(a)pyrene 0.25 0.33
Perylene 0.12 0.20
Indeno(1,2,3cd)pyrene 0.18 0.25
Dibenz(a,h)anthracene 0.18 0.25
Benzo(ghi)perylene 0.50 0.69
TOTAL 106 135
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West Texas Intermediate 150 Other EPA Priority PAH
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10.19 Biomarker Concentrations

Concentration (pg/g oil)

0% 31.7%
Biomarker weathered weathered
c23 425 62.6
C24 23.7 345
c29 53.5 75.7
C30 74.7 104.4
C31(9) 33.2 47.6
C31(R) 31.2 45.1
C32(9) 26.5 38.3
C32(R) 17.9 26.0
C33(9) 14.9 21.7
C33(R) 9.8 14.3
C34(9) 9.2 13.8
C34(R) 5.8 8.9
Ts 16.5 23.9
Tm 21.8 30.7
C27abb steranes 63.3 92.7
C29abb steranes 79.0 114.1
TOTAL 524 755
Diagnostic Ratios
C23/C24 1.80 1.81
C23/C30 0.57 0.60
C24/C30 0.32 0.33
C29/C30 0.72 0.73
C31(9)/C31(R) 1.06 1.06
C32(9)/C32(R) 1.48 1.47
C33(9)/C33(R) 1.52 1.52
C34(S)/C34(R) 1.57 1.55
Ts/Tm 0.76 0.78
C27abb/C29abb 0.80 0.81
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11.

111

11.2

11.3

11.4

11.5

Physical Properties and Chemical Composition of Fuel Oil No. 2/Diesel
(2002)

Origin: Loca Retaller, Ontario, Canada (Stinsons' Gas)
Synonyms.  “Summer” Diesdl, Fuel Oil No. 2
Appearance: Golden-coloured, light, characteristic “fuel” odour.

Valuesarereportedfor thefresh oil andfor artificialy weathered fractionsof 7.2%, 14.2% and
22.0% loss by weight.

API Gravity
37.52 (calo)
Equation for Predicting Evaporation

%Ev =( 0.02 + 0.013 T) sqrt(t)

Where: %Ev = weight percent evaporated; T = surface temperature (°C); t = time (minutes)

Sulphur Content

Weathering Sulphur
(weight %) (weight %)
0 0.09 (n=3)
7.2 0.10 (n=3)
14.2 0.10 (n=3)
220 0.10 (n=3)

Water Content

Weathering Water
(weight %) (volume %)
0 <0.1 (n=3)
7.2 <0.1 (n=3)
14.2 <0.1 (n=3)
220 <0.1 (n=3)
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11.6 Flash Point

Weathering Flash Point
(weight %) (°C)
0 54 (n=2)
7.2 65 (n=2)
14.2 76 (n=2)
220 85 (n=2)
11.7 Density
Weathering Temperature Density
(weight %) (°C) (g/mL)
0 0 0.8423 (n=3)
15 0.8310 (n=3)
7.2 0 0.8468 (n=3)
15 0.8350 (n=3)
14.2 0 0.8493 (n=3)
15 0.8383 (n=3)
220 0 0.8524 (n=3)
15 0.8416 (n=3)
11.8 Pour Point
Weathering Pour Point
(weight %) (°C)

0 -50 (n=2)
7.2 -49 (n=2)
14.2 -43 (n=2)
220 -41 (n=2)
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11.9 Dynamic Viscosity

Weathering Temperature Viscosity
(weight %) (°C) (cP)
0 0 4.08 (n=3)
15 2.76 (n=3)
7.2 0 455 (n=3)
15 3.27 (n=3)
14.2 0 5.16 (n=3)
15 3.42 (n=2)
220 0 5.59 (n=3)
15 4.18 (n=2)
11.10 Chemical Dispersibility
Weathering Chemical Dispersibility
(weight %) using Corexit 9500 ( %)
0 72 (n=6)
7.2 71 (n=6)
14.2 64 (n=6)
220 66 (n=6)
11.11 Adhesion
Weathering Adhesion
(weight %) (gm’)
0 2 (n=4)
7.2 12 (n=4)
14.2 13 (n=3)
22.0 8 (n=4)
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11.12 Surface and Interfacial Tensions

11.12.1 Surface Tension (Oil/Air Interfacial Tension)
Weathering Temperature Surface Tension
(weight %) (°C) (mN/m)
0 0 28.7 (n=3)
15 275 (n=3)
7.2 0 28.8 (n=3)
15 27.7 (n=3)
14.2 0 28.6 (n=3)
15 28.1 (n=3)
22.0 0 29.3 (n=3)
15 28.3 (n=3)
11.12.2 Oil/Brine (33%o) Interfacial Tension
Weathering Temperature Surface Tension
(weight %) (°C) (mN/m)
0 0 215 (n=3)
15 18.1 (n=8)
7.2 0 24.8 (n=3)
15 19.5 (n=3)
14.2 0 26.6 (n=2)
15 20.7 (n=3)
22.0 0 285 (n=3)
15 21.9 (n=3)
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11.12.3 Oil/Fresh Water Interfacial Tension

Weathering Temperature Surface Tension
(weight %) (°0) (mN/m)
0 0 25.0 (n=3)
15 216 (n=3)
7.2 0 28.1 (n=3)
15 239 (n=3)
14.2 0 285 (n=3)
15 24.3 (n=3)
220 0 29.1 (n=3)
15 25.7 (n=2)
11.13 Emulsion Formation
Weathering Visual Stability Complex Modulus Emulsion
(weight %) (Pa) Water Content (%)
0 Unstable
7.2 Unstable
14.2 Unstable
22.0 Unstable

110



11.14 Boiling Point Distribution

Cumulative Weight Fraction (%)

Boiling Point 0% 7.2% 14.2% 22.0%
(°C) weathered weathered weathered weathered
40
60
80 0.2 0.1
100 0.5 0.1
120 12 0.1
140 2.8 0.7 0.1
160 7.8 4.0 14 0.3
180 16.4 118 7.1 32
200 26.8 22.4 17.0 11.2
250 57.4 55.4 51.7 46.7
300 84.1 84.5 83.3 81.4
350 96.4 98.1 98.1 97.8
400 97.9 99.7 99.8 99.7
450 98.1 99.9
500 98.2
550 98.3
600 98.4
650 98.6
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11.15 Hydrocarbon Groups

Concentration

(weight %)
0% 7.2% 14.2% 22.0%
Component weathered weathered weathered weathered
Saturates 88.2 86.1 86.1 85.6
Aromatics 10.2 119 11.7 114
Resins 17 20 22 3.0
Asphaltenes 0.0 0.0 0.0 0.0
Waxes 17 18 20 18
11.16 Volatile Organic Compounds
Concentration
(ug/g oil)
0% 22.0%

Component weathered weathered

Benzene 136 0

Toluene 1024 0

Ethylbenzene 619 0

Xylenest 3774 7

C,-Benzenestt 13780 2260

Total BTEX 5550 7

Total BTEX and Cs;- 19330 2267

Benzenest

tNote that the “ Xylenes’ include o-, m-, and p-xylene isomers.

T1TNote that the “ C,-Benzenes” include eight isomers.
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11.17 n-Alkane Distribution

Concentration (mg/g oil)

0% 22.0%
n-Alkane Component weathered weathered
n-C8 1.15
n-C9 4.24
n-C10 10.93 3.96
n-C11 13.43 11.79
n-C12 13.23 15.25
n-C13 13.02 16.51
n-Cl4 12.33 15.77
n-C15 11.98 15.58
n-C16 10.96 13.70
n-C17 9.22 11.37
Pristane 3.81 4.82
n-C18 6.72 8.20
Phytane 2.52 3.10
n-C19 4.72 5.88
n-C20 3.01 3.74
n-C21 1.70 211
n-C22 0.85 1.06
n-C23 0.41 0.52
n-C24 0.19 0.24
n-C25 0.09 0.11
n-C26 0.04 0.05
n-C27 0.02 0.03
n-C28 0.02 0.02
n-C29 0.01 0.01
n-C30 0.01 0.01
n-C31 0.01 0.01
n-C32
n-C33
n-C34
n-C35
n-C36
n-C37
n-C38
n-C39
n-C40
n-C41
TOTAL 124.6 133.8
C17/PRISTANE 1.58 152
C18/PHYTANE 161 1.58
PRISTANE/PHYTANE 125 1.23
CPI 0.99 1.03
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11.18 PAH Distribution

Concentration (ug/g oil)

0% 22.0%
Alkylated PAH weathered weathered
Naphthalene
CO-N 820 677
C1-N 3664 3968
C2-N 6927 8101
C3N 6636 8163
C4-N 2805 3427
Sum 20852 24337
Phenanthrene
COo-P 437 557
C1-P 1000 1262
C2-pP 617 769
C3-P 185 237
C4-P 53 65
Sum 2293 2890
Dibenzothiophene
Co-D 65 82
C1-D 110 137
C2-D 99 123
C3-D 38 50
Sum 312 392
Fluorene
CO-F 567 713
Cl-F 799 1025
C2-F 756 961
C3-F 360 458
Sum 2481 3157
Chrysene
co-C 0.02 0.03
C1-C 0.03 0.04
c2-C 0.04 0.04
C3-C 0.00 0.00
Sum 0.09 0.12
TOTAL 25938 30776
2-m-N/1-m-N 1.56 153
(3+2-m/phen)/(4-/9-+1m-phen) 1.50 152
4-m:2/3m:1-m-DBT 1:0.35:0.16 1:0.36:0.17
Other PAHs
Biphenyl 839.73 1072.40
Acenaphthylene 34.87 42.29
Acenaphthene 153.55 187.34
Anthracene 13.08 14.09
Fluoranthene 6.60 8.48
Pyrene 30.88 38.84
Benz(a)anthracene 0.25 0.28
Benzo(b)fluoranthene 0.00 0.00
Benzo(k)fluoranthene 0.00 0.00
Benzo(e)pyrene 0.00 0.00
Benzo(a)pyrene 0.00 0.00
Perylene 0.00 0.00
Indeno(1,2,3cd)pyrene 0.00 0.00
Dibenz(a,h)anthracene 0.00 0.00
Benzo(ghi)perylene 0.00 0.00
TOTAL 1080 1364
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11.19 Biomarker Concentrations

Biomarker

Concentration (pg/g oil)

0% 22.0%
weather ed weather ed

Cc23

C24

C29

C30

C31(S)

C31(R)

C32(5)

C32(R)

C33(9)

C33(R)

C34(5)

C34(R)

Ts

Tm

C27abb steranes
C29abb steranes

4.0 53
14 1.8

TOTAL

Diagnostic Ratios

C23/C24
C23/C30
C24/C30
C29/C30
C31(9)/C31(R)
C32(9)/C32(R)
C33(9)/C33(R)
C34(9)/C34(R)
TITm
C27abb/C29abb

3.0 2.9

Note: except for the C23 and C24 terpanes,
no other biomarkers were detected.
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12. Physical Properties and Chemical Composition of Fuel Oil No. 5 (2000)
12.1  Origin: New Jersey, U.S.A, (ViaU.S. Dept. Int., M.M.S., OHMSETT, NJ, 2000)
Synonyms.  Bunker B
Appearance: Black, heavy, sticky, little odour.

Valuesarereported for the fresh oil and for an artificially weathered fraction of 7.2% lossby
weight.

12.2 API Gravity
11.55 (calg)
12.3 Equation for Predicting Evaporation

%Ev = (-0.14 + 0.013 T) t%2

Where: %Ev = weight percent evaporated; T = surface temperature (°C); t = time (minutes)

12.4  Sulphur Content

Weathering Sulphur

(weight %) (weight %)
0 1.00 (n=3)
7.2 1.08 (n=3)

125 Water Content

Weathering Water

(weight %) (volume%o)
0 31 (n=3)
7.2 <0.1 (n=3)
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12.6 Flash Point

Weathering Flash Point
(weight %) (°C)
0 94 (n=3)
7.2 136 (n=3)
12.7 Density
Weathering Temperature Density
(weight %) (0 (g/mlL)
0 0 1.0034 (n=3)
15 0.9883 (n=3)
7.2 0 1.0160 (n=3)
15 1.0032 (n=3)
12.8 Pour Point
Weathering Pour Point
(weight %) (°C)
0 -19 (n=2)
7.2 -3 (n=2)
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12.9 Dynamic Viscosity

Weathering Temperature Viscosity
(weight %) (°C) (cP)
0 0 18600 (n=3)
15 1410 (n=3)
7.2 0 72000 (n=3)
15 4530 (n=3)

12.10 Chemical Dispersibility

Weathering Chemical Dispersibility

(weight %) using Corexit 9500 ( %)
0 15 (n=6)
7.2 7 (n=6)

12.11 Adhesion

Weathering Adhesion

(weight %) (gm)
0 34 (n=4)
7.2 47 (n=4)
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12.12 Surface and Interfacial Tensions

12.12.1 Surface Tension (Oil/Air Interfacial Tension)
Weathering Temperature Surface Tension
(weight %) (°C) (mN/m)
0 0 NM
15 NM
7.2 0 NM
15 NM
12.12.2 Qil/Brine (33%o) Interfacial Tension
Weathering Temperature Surface Tension
(weight %) (°C) (mN/m)
0 0 NM
15 NM
7.2 0 NM
15 NM

TNM: not measurable

12.12.3 Oil/Fresh Water Interfacial Tension
Weathering Temperature Surface Tension
(weight %) (°C) (mN/m)
0 0 NM
15 NM
7.2 0 NM
15 NM
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12.13 Emulsion Formation

Weathering Visual Stability Complex Modulus Emulsion
(weight %) (Pa) Water Content (%)
0 Stable 1590 78.3
7.2 Stable 2490 72.8

12.14 Boiling Point Distribution

Cumulative Weight Fraction (%)

Boiling Point 0% 7.2%
(°C) weathered weathered
40
60
80
100
120 0.1
140 0.2
160 0.6
180 13
200 2.3 0.2
250 7.2 3.8
300 14.6 113
350 24.4 21.7
400 39.9 38.0
450 55.8 55.0
500 66.2 66.2
550 74.0 74.5
600 80.4 815
650 85.6 86.9
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12.15 Hydrocarbon Groups

Concentration

(weight %)
0% 7.2%
Component weathered weathered
Saturates 44.2 39.9
Aromatics 39.5 39.1
Resins 8.0 8.3
Asphaltenes 84 12.8
Waxes 23 25

12.16 Volatile Organic Compounds

Concentration

(ug/g oil)
0% 7.2%
Component weathered weathered
Benzene 0 0
Toluene 149 0
Ethylbenzene 124 1
Xylenest 612 2
C,-Benzenest 1750 30
Total BTEX 890 0
Total BTEX and Cs;- 2640 30

Benzenest

t“Xylenes’ include o-, m-, and p-xylene isomers.
1 C,-Benzenes” include eight isomers.
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12.17 n-Alkane Distribution

Concentration (mg/g oil)

0% 7.2%
n-Alkane Component weathered weathered
n-C8
n-C9 0.34
n-C10 0.54
n-C11 0.74 01
n-C12 1.01 0.49
n-C13 135 1.08
n-Cl4 171 1.60
n-C15 1.89 211
n-C16 222 2.53
n-C17 2.03 2.38
Pristane 111 1.27
n-C18 1.79 2.10
Phytane 0.76 0.88
n-C19 1.70 1.90
n-C20 155 1.90
n-C21 1.70 2.00
n-C22 1.85 2.23
n-C23 2.25 2.73
n-C24 2.46 2.98
n-C25 2.47 3.03
n-C26 2.08 2.55
n-C27 1.77 2.20
n-C28 1.34 1.66
n-C29 1.01 1.26
n-C30 0.58 0.70
n-C31 0.37 0.48
n-C32 0.21 0.26
n-C33 0.14 0.17
n-C34 0.11 0.12
n-C35 0.07 0.09
n-C36 0.06 0.07
n-C37 0.04 0.06
n-C38 0.02 0.03
n-C39 0.01 0.02
n-C40 0.02
n-C41
TOTAL 37.3 41
C17/PRISTANE 1.83 1.87
C18/PHYTANE 2.35 2.39
PRISTANE/PHYTANE 1.45 1.45
CPI 1.02 1.02
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12.18 PAH Distribution

Concentration (ug/g oil)

0% 7.2%
Alkylated PAH weathered weathered
Naphthalene
CO-N 236 128
C1-N 2048 1722
C2-N 4790 4708
C3N 5001 5288
C4-N 2385 2736
Sum 14460 14582
Phenanthrene
CO-P 848 895
C1-P 4274 4533
C2-pP 6974 7362
C3-P 6610 6971
C4-P 4074 4369
Sum 22779 24130
Dibenzothiophene
Co-D 92 99
C1-D 295 315
C2-D 610 661
C3-D 582 638
Sum 1579 1713
Fluorene
CO-F 357 370
Cl-F 1021 1075
C2-F 1809 1936
C3-F 1799 1888
Sum 4986 5269
Chrysene
co-C 920 965
C1-C 2808 3195
c2-C 4676 4923
C3-C 3482 3598
Sum 11887 12681
TOTAL 55692 58375
2-m-N/1-m-N 1.88 181
(3+2-m/phen)/(4-/9-+1m-phen) 1.63 1.59
4-m:2/3m:1-m-DBT 1:1.00:0.27 1:0.99:0.26
Other PAHs
Biphenyl 132.98 123.02
Acenaphthylene 33.69 34.29
Acenaphthene 167.50 168.82
Anthracene 217.67 224.82
Fluoranthene 80.43 84.89
Pyrene 552.67 563.19
Benz(a)anthracene 551.51 530.94
Benzo(b)fluoranthene 125.74 132.61
Benzo(k)fluoranthene 34.08 39.74
Benzo(e)pyrene 221.23 224.46
Benzo(a)pyrene 449.35 459.47
Perylene 159.07 180.00
Indeno(1,2,3cd)pyrene 25.15 27.70
Dibenz(a,h)anthracene 68.56 74.10
Benzo(ghi)perylene 83.87 87.05
TOTAL 2863 2975

126



Fuel #5 Fresh 1000 Other EPA Priority PAHs
500} il o
0
o o [ < o o o
53" § g% %
= 7000 -
o
o 6000
2 5000 |
S 4000 A
3 3000 -
O
2000 -
1000 -
0 4
£ %2 z g & & N~ Q@ o 4 & > 0 O
[=} ! - ' ! o N T T
s 3 8 £ 3 8 g 8 8 o o 6 3 8
[a)

Fuel #5 1?88 Other EPA Priority PAHs
7.25% w 0

=3 © [ = % o o
8000 - °g S z 3 8
= 7000 -
o
o 6000 -
()]
= 5000 -
S 4000
8 3000 -
2000 -
1000 -
0,
= z z S o o E [a) [a) L L > O O
a4 r = ™ R o Q o < — I
g 0 0o § 0o 0o 8 O o 6 o U o o
a

Figure12.2  PAH Distribution for Fuel Oil No. 5 (ng/g oil)
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12.19 Biomarker Concentrations

Concentration (ug/g oil)

0% 7.2%
Biomarker weathered weathered
c23 49.7 53.6
C24 20.1 22.7
C29 71.0 74.8
C30 67.6 71.8
C31(9) 17.6 19.4
C31(R) 16.9 19.2
C32(9) 115 12.6
C32(R) 10.2 11.4
C33(9) 7.0 7.3
C33(R) 4.4 47
C34(9) 4.0 4.7
C34(R) 2.3 2.7
Ts 21.7 22.6
Tm 16.2 16.3
C27abb steranes 17.2 18.6
C29abb steranes 18.0 19.2
TOTAL 355 381
Diagnostic Ratios
C23/C24 2.47 2.36
C23/C30 0.74 0.75
C24/C30 0.30 0.32
C29/C30 1.05 1.04
C31(9)/C31(R) 1.04 1.01
C32(9)/C32(R) 112 111
C33(9)/C33(R) 1.58 1.55
C34(S)/C34(R) 1.78 1.76
TYTm 1.34 1.39
C27abb/C29abb 0.96 0.97
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13. Physical Properties and Chemical Composition of Heavy Fuel Oil 6303
(2002)

13.1 Origin: Imperial Oil Ltd., Nova Scotia, Canada (2002)
Synonyms.  Bunker C, Land Bunker
Appearance: Black, heavy, sticky, little odour.

Vauesarereported for thefresh oil and for an artificialy weathered fraction of 2.5% lossby
weight.

13.2 API Gravity
11.47 (calo)
13.3 Equation for Predicting Evaporation

%Ev = (-0.16 + 0.013 T) t¥2

Where: %Ev = weight percent evaporated; T = surface temperature (°C); t = time (minutes)

13.4 Sulphur Content

Weathering Sulphur

(weight %) (weight %)
0 1.48 (n=3)
25 1.50 (n=3)

13.5 Water Content

Weathering Water

(weight %) (volume%o)
0 0.1 (n=3)
25 <0.1 (n=3)
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13.6 Flash Point

Weathering Flash Point
(weight %) (°C)
0 111 (n=3)
25 133 (n=3)
13.7 Density
Weathering Temperature Density
(weight %) (0 (g/mlL)
0 0 1.0015 (n=3)
15 0.9888 (n=3)
25 0 1.0101 (n=3)
15 0.9988 (n=3)
13.8 Pour Point
Weathering Pour Point
(weight %) (°C)
0 -1 (n=2)
25 11 (n=2)
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13.9 Dynamic Viscosity

Weathering Temperature Viscosity
(weight %) (°C) (cP)
0 0 241000 (n=3)
15 22800 (n=3)
25 0 3600000 (n=3)
15 149000 (n=3)

13.10 Chemical Dispersibility

Weathering Chemical Dispersibility

(weight %) using Corexit 9500 ( %)
0 9 (n=6)
25 6 (n=6)

13.11 Adhesion

Weathering Adhesion

(weight %) (gm)
0 100 (n=4)
25 240 (n=4)
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13.12 Surface and Interfacial Tensions

13.12.1 Surface Tension (Oil/Air Interfacial Tension)
Weathering Temperature Surface Tension
(weight %) (°C) (mN/m)
0 0 NM
15 NM
25 0 NM
15 NM
13.12.2 Qil/Brine (33%o) Interfacial Tension
Weathering Temperature Surface Tension
(weight %) (°C) (mN/m)
0 0 NM
15 NM
25 0 NM
15 NM

+TNM: not measurable

13.12.3 Oil/Fresh Water Interfacial Tension
Weathering Temperature Surface Tension
(weight %) (°C) (mN/m)
0 0 NM
15 NM
25 0 NM
15 NM
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13.13 Emulsion Formation

Weathering Visual Stability Complex Modulus Emulsion
(weight %) (Pa) Water Content (%)
0 Entrained 752 57.7
25 Entrained 984 24.1

13.14 Boiling Point Distribution

Cumulative Weight Fraction (%)

Boiling Point 0% 2.5%
(°C) weathered weathered
40
60
80
100
120 0.1
140 0.2
160 0.3
180 0.6
200 1.2 0.2
250 55 35
300 125 10.2
350 23.3 21.2
400 335 315
450 38.8 37.0
500 41.2 39.7
550 45.3 44.1
600 55.7 54.8
650 70.1 69.6
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13.15 Hydrocarbon Groups

Concentration

(weight %)
0% 2.5%
Component weathered weathered
Saturates 425 38.8
Aromatics 29.0 26.9
Resins 155 16.6
Asphaltenes 13.0 17.7
Waxes 25 2.7

13.16 Volatile Organic Compounds

Concentration

(ug/g oil)
0% 2.5%

Component weathered weathered
Benzene 40 0
Toluene 136 0
Ethylbenzene 58 0
Xylenest 396 0
C.-Benzenest 940 50
Total BTEX 630 0
Total BTEX and Cs;- 1570 50
Benzenest

t“Xylenes’ include o-, m-, and p-xylene isomers.
1 C,-Benzenes” include eight isomers.
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13.17 n-Alkane Distribution

Concentration (mg/g oil)

0% 2.5%
n-Alkane Component weathered weathered
n-C8
n-C9 0.09
n-C10 0.19
n-C11 0.41 0.10
n-C12 0.68 0.42
n-C13 0.99 0.71
n-Cl4 121 1.23
n-C15 1.43 1.59
n-C16 1.78 2.07
n-C17 2.00 2.33
Pristane 2.20 2.55
n-C18 2.17 2.62
Phytane 1.85 224
n-C19 2.26 2.66
n-C20 214 2.48
n-C21 1.85 2.18
n-C22 1.49 1.78
n-C23 1.36 1.63
n-C24 1.23 151
n-C25 1.00 1.23
n-C26 0.67 0.84
n-C27 0.44 0.57
n-C28 0.31 0.38
n-C29 0.20 0.25
n-C30 0.11 0.13
n-C31 0.07 0.09
n-C32 0.04 0.04
n-C33 0.02 0.02
n-C34 0.02 0.02
n-C35
n-C36
n-C37
n-C38
n-C39
n-C40
n-C41
TOTAL 28.2 31.7
C17/PRISTANE 0.91 0.91
C18/PHYTANE 117 117
PRISTANE/PHYTANE 1.19 114
CPI 1.00 0.99
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13.18 PAH Distribution

Concentration (ug/g oil)

0% 2.5%
Alkylated PAH weathered weathered
Naphthalene
CO-N 140 89
C1-N 1250 1091
C2-N 2861 2806
C3-N 2886 2956
C4-N 1422 1509
Sum 8558 8450
Phenanthrene
Cco-P 422 458
C1-P 1870 2029
C2-P 2910 3171
C3-P 3107 3376
C4-P 2211 2459
Sum 10520 11492
Dibenzothiophene
C0-D 108 115
C1-D 315 335
C2-D 620 665
C3-D 701 766
Sum 1744 1881
Fluorene
CO-F 224 233
Cl-F 565 600
C2-F 978 1015
C3-F 936 963
Sum 2703 2811
Chrysene
co-Cc 376 415
Ci1-C 1173 1274
c2-C 1806 1961
Cc3-C 1379 1397
Sum 4733 5047
TOTAL 28258 29682
2-m-N/1-m-N 1.86 1.83
(3+2-m/phen)/(4-/9-+1m-phen) 1.39 14
4-m:2/3m:1-m-DBT 1:1.01:037 1:1.03:0.37
Other PAHs
Biphenyl 69.22 66.79
Acenaphthylene 19.74 19.87
Acenaphthene 92.54 93.24
Anthracene 95.99 99.34
Fluoranthene 41.09 44.52
Pyrene 226.28 247.88
Benz(a)anthracene 198.27 210.88
Benzo(b)fluoranthene 53.42 57.21
Benzo(k)fluoranthene 11.84 13.29
Benzo(e)pyrene 93.03 99.94
Benzo(a)pyrene 151.14 164.81
Perylene 48.37 57.33
Indeno(1,2,3cd)pyrene 9.50 10.10
Dibenz(a h)anthracene 21.84 24.30
Benzo(ghi)perylene 28.62 29.92
TOTAL 1161 1239
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13.19 Biomarker Concentrations

Concentration (ug/g oil)

0% 2.5%
Biomarker weathered weathered
c23 92.3 106.4
Cc24 459 51.8
Cc29 14.4 15.1
C30 11.5 12.7
C31(9) 37 4.0
C31(R) 3.3 37
C32(9) 3.2 3.6
C32(R) 2.0 2.3
C33(9) 15 1.6
C33(R) 1.2 1.3
C34(9) 11 1.2
C34(R) 0.9 1.0
Ts 57 6.5
m 1.6 19
C27abb steranes 10.7 12.6
C29abb steranes 5.5 6.2
TOTAL 204 232
Diagnostic Ratios
C23/C24 2.01 2.10
C23/C30 8.01 8.40
C24/C30 3.99 4.10
C29/C30 1.25 1.20
C31(S)/C31(R) 1.11 1.10
C32(9)/C32(R) 1.58 1.60
C33(9)/C33(R) 121 1.23
C34(S)/C34(R) 1.28 1.27
Ts/Tm 3.69 3.39
C27abb/C29abb 1.94 2.04
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14.

14.1

14.2

14.3

14.4

14.5

Physical Propertiesand Chemical Composition of Orimulsion-400 (2001)
Origin: Bitor America Corporation, Venezuela (2001)

Synonyms.  None

Appearance: Black, easily-poured, very sticky, no odour.

Valuesarereported for thefresh product only. Notethat some of the compositionresultsare
reported bothasbitumenonly, i.e. dried product, and asOrimulsion-400, asca culated usng the
measured water mass fraction of section 15.5 below.

API Gravity

8.63 (calo)

Equation for Predicting Evaporation

Not Measured

Sulphur Content

Weathering Sulphur
(weight %) (weight %)
0 2.00* (n=3)

*Note: Including water. Dried bitumen is 2.8%.

Water Content

Weathering Water
(weight %) (volume%o)
0 28 (n=5)
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14.6 Flash Point

Weathering Flash Point
(weight %) (°C)
0 >320* (n=2)

*Note: After water had completely boiled-off sample was cooled and re-tested. The
residual bitumen flashed between 130 and 140°C.

14.7 Density
Weathering Temperature Density
(weight %) (0 (g/mlL)
0 0 1.0155 (n=3)
15 1.0093 (n=3)
14.8 Pour Point
Weathering Pour Point
(weight %) (°C)
0 1
14.9 Dynamic Viscosity
Weathering Temperature Viscosity
(weight %) (°C) (cP)
0 0 330 (n=3)
15 256 (n=3)
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14.10 Chemical Dispersibility

Weathering Chemical Dispersibility
(weight %) using Corexit 9500 ( %)
0 100* (n=6)
*Note: Orimulsion-400 is an oil-in-water dispersion.
14.11 Adhesion
Weathering Adhesion
(weight %) (gm)
0 90 (n=6)
14.12 Surface and Interfacial Tensions
14.12.1 Surface Tension (Oil/Air Interfacial Tension)
Weathering Temperature Surface Tension
(weight %) (°C) (mN/m)
0 0 NM
15 36.3 (n=3)
14.12.2 Qil/Brine (33%o) Interfacial Tension
Weathering Temperature Surface Tension
(weight %) (°C) (mN/m)
0 0 NM
15 NM

TNM: not measurable
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14.12.3 Oil/Fresh Water Interfacial Tension

Weathering Temperature Surface Tension
(weight %) (°C) (mN/m)
0 0 NM
15 NM

14.13 Emulsion Formation

Weathering Visual Stability Complex Modulus Emulsion
(weight %) (Pa) Water Content (%)
0 Unstable*

*Note: Dispersion in water; bitumen settled-out on vessel walls.

14.14 Boiling Point Distribution

The boiling point distribution of Orimulsion was not measured.

14.15 Hydrocarbon Groups

Concentration

(weight %)
Orimulsion-400 Orimulsion-400
Component (after water content
correction)
Saturates 321 44.6
Aromatics 19.7 27.3
Resins 9.6 133
Asphaltenes 10.6 14.8
Waxes NM NM
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14.16 Volatile Organic Compounds

Concentration

(Hg/g ail)

Orimulsion-400 Orimulsion-400*

Component (after water
content correction)

Benzene 16 22
Toluene 29 41
Ethylbenzene 22 31
Xylenest 29 40
C,-Benzenest 80 120
Total BTEX 100 130
Total BTEX and C;- 180 250
Benzenest

t“Xylenes’ include o-, m-, and p-xyleneisomers.
1 C,-Benzenes” include eight isomers.
*Datafor Bitumen were obtained by correction for the
water content (28%) from the data for the original Orimulsion-400.

14.17 n-Alkane Distribution

No n-Alkanes were detected.
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14.18 PAH Distribution

Concentration (ug/g oil)

Alkylated PAH Orimulsion-400  Orimulsion-400*
Naphthalene
CO-N 5 8
C1-N 31 43
C2-N 90 125
C3N 143 199
C4-N 212 295
Sum 482 670
Phenanthrene
CO-P 28 39
C1-P 86 119
C2-pP 231 320
C3-P 286 397
C4-P 183 255
Sum 814 1131
Dibenzothiophene
C0-D 10 14
C1-D 39 55
C2-D 140 194
C3-D 264 367
Sum 454 630
Fluorene
CO-F 12 16
Cl-F 41 57
C2-F 145 202
C3-F 212 294
Sum 410 569
Chrysene
co-Cc 10 14
C1-C 24 33
c2-C 45 63
C3C 52 72
Sum 131 182
TOTAL 2291 3182
2-m-N/1-m-N 151 151
(3+2-m/phen)/(4-/9-+1m-phen) 1.02 1.02
4-m:2/3m:1-m-DBT 1:0.83:1.20 1:0.83:1.20
Other PAHs
Biphenyl 2.38 3.30
Acenaphthylene 0.71 0.99
Acenaphthene 6.90 9.58
Anthracene 297 4.13
Fluoranthene 1.78 248
Pyrene 4.40 6.11
Benz(a)anthracene 214 2.97
Benzo(b)fluoranthene 131 1.82
Benzo(k)fluoranthene 0.12 0.17
Benzo(e)pyrene 214 2.97
Benzo(a)pyrene 2.50 347
Perylene 6.07 8.43
Indeno(1,2,3cd)pyrene 0.00 0.00
Dibenz(a h)anthracene 0.24 0.33
Benzo(ghi)perylene 1.55 2.15
TOTAL 35 49

"Data for Bitumen were obtained by correction for the
water content (28%) from the data for the original Orimulsion-400.
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14.19 Biomarker Concentrations

Concentration (pg/g oil)
Orimulsion-400 Orimulsion-400*

Biomarker (after water
content
correction)

c23 97.9 135.9
c24 454 63.0
C29 85.9 119.3
C30 87.1 121.0
C31(9 485 67.4
C31(R) 34.4 47.8
C32(9) 30.8 42.8
C32(R) 19.3 26.8
C33(9 19.3 26.8
C33(R) 11.4 15.9
C34(9) 119 16.6
C34(R) 7.4 10.3

Ts 11.7 16.3
Tm 453 62.9
C27abb steranes 79.9 111.0
C29abb steranes 82 113.8
TOTAL 718 998

Diagnostic Ratios

C23/C24 2.16
C23/C30 112
C24/C30 052
C29/C30 0.99
C31(S)/C31(R) 1.41
C32(9)/C32(R) 1.60
C33(9)/C33(R) 1.69
C34(S)/C34(R) 1.61
TYTm 0.26
C27abb/C29abb 0.98

"Data for Bitumen were obtained by correction for the water
content (28%) from the data for the original Orimulsion-400.
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15. TraceMetals

& o 3 3 d}éé@ & R éoq’ R éo(." 6&
& & F S &L L

) v v N Nl < 08 o
Ba 0.05 0.51 0.05 0.10
Be 0015
Bi 0.7 05 0.7
Ca 106 20.9 75.3 37.4 186 15.0 344 1450 603
Cu 03 0.2 0.1 6.7
Fe 2.9 9.6 1.0 2.0 39.6 03 03
Li 1.03 0.05 0.08
Mg 2.7 05 15 1.9 0.2 1.4 12 2.6
Mn 05
Mo 0.4
Na 78 31 58 139 88 93 97 94 73
Ni 1.24 0.4 05 1.9 12 0.8 1.0 03 1.0
S 0.12 0.27 0.14 0.10 0.17
Ti 01 0.2
Vv 01 75 4.0 9.7 33 2.1 47 23 10.1
Zn 12 1.0 42 05 34 3.2 0.4

All metal content results reported as g/L oil.

Not detected in any samples: Ag, Al, As, Co, Cr, K, Pb, Y
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17. Appendices

1 Chemical Abstract Service (CAS) Registry Numbersfor Selected Analytes

Compound

Benzene

Toluene

Ethylbenzene

m-Xylene

p-Xylene

o-Xylene

| sopropylbenzene
Propylbenzene
2-ethyltoluene

3-ethyltoluene
4-ethyltoluene
1,2,4-trimethylbenzene
1,2,3-trimethylbenzene
1,3,5-trimethylbenzene

| soproplybenzne
1-Methylethylbenzene
1-Ethyl-2-methylbenzene
1-Ethyl-3-methylbenzene
1-Ethyl-4-methylbenzene
n-butylbenzene

| sobutylbenzene
tert-Butylbenzene
sec-Butylbenzene
1-Methyl-2-propylbenzne
1-Methyl-3-propylbenzne
1-Methyl-4-propylbenzne
1-Methyl-2-isopropylbenzene
1-Methyl-3-isopropylbenzene
1-Methyl-4-isopropylbenzene
1,2-Diethylbenezne
1,3-Diethylbenzene
1,4-Diethylbenzene
1-Ethyl-2,3-dimethylbenzene
1-Ethyl-2,4-dimethylbenzene
2-Ethyl-1,4-dimethylbenzene
2-Ethyl-1,3-dimethylbenzene
4-Ethyl-1,2-dimethylbenzene
1-Ethyl-3,5-dimethylbenzene
1,2,3,4-Tetramethylbenzene
1,2,3,5-Tetramethylbenzene
1,2,4,5-Tetramethylbenzene
ar,ar-Diethylmethylbenzene
1-Ethyl-2,4,5-trimethylbenzene

ar-Ethyl-1,2,4-trimethylbenzene

CAS Pentamethylbenzne

Number 1-1sopropyl-2,5-dimethylbenzene
71-43-2 1-1sopropyl-3,5-dimethylbenzene
108-88-3 1,3-Diethyl-5-methylbenzene
100-41-4 tert-Butyltoluene

108-38-3 1-Ethyl-3-isopropyl-benzene
106-42-3 1-Ethyl-4-isopropyl-benzene
95-47-6 2,4-Dimethyl-1-isopropylbenzene
08-82-8 1-Methyl-4-isobutylbenzene
103-65-1 1-Methyl-3-tert-butylbenzene
611-14-3 1-Methyl-4-tert-butylbenzene
620-14-4 (1-Ethylpropyl)-benzene
622-96-8 (1,1-Dimethylpropyl)-benzene
95-63-6 (1,2-Dimethylpropyl)-benzene
526-73-8 (2,2-Dimethylpropyl)-benzene
108-67-8 n-Pentylbenzene

08-82-8 (1-methylbutyl)-benzene

08-82-8 (2-methylbutyl)-benzene
611-14-3 (3-methylbutyl)-benzene
620-14-4 n-Hexylbenzene

622-96-8 (1-Methylpentyl)-benzene
104-51-8 (2-Methylpentyl)-benzene
538-93-2 (3-Methylpentyl)-benzene
08-06-6 (1-Ethylbutyl)-benzene

135-98-8 (2-Ethylbutyl)-benzene
1074-17-5 (1,1-Dimethylbutyl)-benzene
1074-43-7 (1,3-Dimethylbutyl)-benzene
1074-55-1 (2,2-Dimethylbutyl)-benzene
527-84-4 (3,3-Dimethylbutyl)-benzene
535-77-3 (1-Ethyl-1-methyl propyl)-benzene
99-87-6 (1,1,2-trimethyl propyl)-benzene
135-01-3 (1,2,2-trimethyl propyl)-benzene
141-93-5 1-Methyl-2-(1-ethylpropyl)-benzene
105-05-5 1-(1-Ethylpropyl)-4-methylbenzene
933-98-2 sec-Butylethylbenzene

874-41-9 1,3-Dimethyl-4-sec-butylbenzene
1758-88-9 1,4-Dimethyl-2-isobutylbenzene
354380 1,2-Dimethyl-4-ter t-butyl benzene
934-80-5 1,4-Dipropylbenzene

934-74-7 1,2-Diisopropylbenzene
488-43-3 1,3-Dimethyl-5-tert-butylbenzene
527-53-7 1,2,4-Trimethyl-5-isopropylbenzene
95-93-2 1,2,4-Triethylbenzene

8638347 1,3,5-Triethylbenzene

17851.07.3 1,2-Dimethyl-3,4-diethylbenzene
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54120-62-6
700-12-9
4132-72-3
4706-90-5
2050-24-0
37307
4920-99-4
4218-48-8
4706-89-2
1191151
1075-38-3
98-51-1
1196-58-3
2049-95-8
4481-30-5
1007-26-7
538-68-1
2719-52-0
3968-85-2
2049-94-7
1077-16-3
1508850
39916-61-5
54410-69-4
4468-42-2
19219-85-3
1985-57-5
19219-84-2
28080-86-6
17314-92-0
1985-97-3
8932673
19262-20-5
54410-74-1
22975-58-2
28654-79-7
1483-60-9
55669-88-0
2007889
4815-57-0
577-55-9
98-19-1
10222-95-4
877-44-1
102-25-0
54410-75-2



Compound

1,2-Diethyl-4,5-dimethylbenzene
1,2,4,5-Tetramethyl-3-ethylbenzene

Hexamethylbenzene
1,3-Diisopropylbenzene
1,4-Diisopropylbenzene

Biphenyl
Acenaphthylene
Acenaphthene
Anthracene
Fluoranthene

Pyrene
Benzo(a)anthracene
Benzo(b)fluoranthrene
Benzo(j)fluoranthrene
Benzo(k)fluoranthrene
Benzo(j,k)fluorene
Benzo(r,s,t)pentaphene
Benzo(a)phenanthrene
Benzo(a)pyrene
Benzo(e)pyrene
Perylene
Indeno(1,2,3-cd)pyrene
Dibenz(a,h)anthracene
Benzo(g,h,i)perylene

n-Cg (N-Octane)

n-C, (N-Nonane)
n-C,, (n-Decane)
n-C,; (n-Undecane)
n-C,, (n-Dodecane)
n-C,; (n-Tridecane)
n-C,, (n-Tetradecane)
n-C, (n-Pentadecane)
n-C,, (N-Hexadecane)
n-C,, (n-Heptadecane)
Pristane

n-C,5 (N-Octadecane)
Phythane

n-C,4 (N-Nonadecane)
n-C,, (n-Eicosane)
n-C,, (Heneicosane)
n-C,, (Docosane)
n-C,; (Tricosane)
n-C,, (Tetracosane)
n-C,; (Pentacosane)
n-C,, (Hexacosane)
n-C,, (Heptacosane)
n-C,g (Octacosane)

CAS
Number
6596821
31365-98-7
87-85-4
99-62-7
100-18-5

92-52-4

208-96-8
83-32-9

120-12-7
206-44-0
129-00-0
56-55-3

205-99-2
205-82-3
207-08-9
206-44-0
189-55-9
218-01-9
50-32-8

192-97-2
198-55-0
193-39-5
53-70-3

191-24-2

111-65-9
111-84-2
124-18-5
1120-21-4
112-40-3
629-50-5
629-59-4
629-62-9
544-76-3
629-78-7
1921-70-6
593-45-3
638-36-8
629-92-5
112-95-8
629-94-7
629-97-0
638-67-5
646-31-1
629-99-2
630-01-3
593-49-7
630-02-4

n-C,4 (Nonacosane)
n-Cy, (Triacontane)
n-C;, (Hentriacontane)
n-C,, (Dotriacontane)
n-Cg, (Tritriacontane)
n-C,, (Tetratriacontane)
n-Cg, (Pentatriacontane)
n-C,, (Hexatriacontane)
n-C;, (Heptatriacontane)
n-Cg, (Octatriacontane)
n-C,, (Nonatriacontane)
n-C,, (Tetracontane)
n-C,, (Hentetracontane)
n-C,, (Dotetracontane)
n-C,, (Tetratetracontane)
n-C,, (Hexatetracontane)
n-C,, (Octatetracontane)
n-Cy, (Pentacontane)

Naphthalene
1-methylnaphthalene
2-methylnaphthalene
1-ethylnaphthalene
2-ethylnaphthalene
2-isoproplynaphthalene
1,2-dimethylnaphthalene
1,3-dimethylnaphthalene
1,4-dimethylnaphthalene
1,5-dimethylnaphthalene
1,6-dimethylnaphthalene
1,7-dimethylnaphthalene
1,8-dimethylnaphthalene
2,3-dimethylnaphthalene
2,6-dimethylnaphthalene
2,7-dimethylnaphthalene

1,2,3-trimethylnaphthalene
1,2,4-trimethylnaphthalene
1,2,5-trimethylnaphthalene
1,2,6-trimethylnaphthalene
1,4,5-trimethylnaphthalene
1,4,6-trimethylnaphthalene
2,3,5-trimethylnaphthalene

Eudalene
Cadalene

2,6-diisopropylnaphthalene

Fluorene
1-methylfluorene
2-methylfluorene
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630-03-5
638-68-6
630-04-6
544-85-4
630-05-7
14167-59-0
630-07-9
630-06-8
7194-84-5
7194-85-6
7194-86-7
4181-95-7
7194-87-8
7098-20-6
7098-22-8
7098-24-0
7098-26-2
6596-40-3

90-20-3
90-12-0
91-57-6
1127-76-0
939-27-5
2027-17-0
573-98-8
575-41-7
571-58-4
571-61-9
575-43-9
575-37-1
569-41-5
581-40-8
581-42-0
582-16-11
879-12-9
2717-42-2
641-91-8
413217
2131-41-1
2131-42-2
2245-38-7
490-65-3
483-78-3
24157-81-11

86-73-7
1730-37-6
1430-97-3



Compound

4-methylfluorene
9-methylfluorene
1,7-dimethylfluorene
9-ethylfluorene

Phenanthrene
1-methylphenanthrene
2-methylphenanthrene
3-methylphenanthrene
4-methylphenanthrene
9-methylphenanthrene
1,2-dimethylphenanthrene
1,3-dimethylphenanthrene
1,4-dimethylphenanthrene
1,6-dimethylphenanthrene
1,7-dimethylphenanthrene
1,8-dimethylphenanthrene
1,9-dimethylphenanthrene
2,3-dimethylphenanthrene
2,4-dimethylphenanthrene
2,5-dimethylphenanthrene
2,6-dimethylphenanthrene
2,7-dimethylphenanthrene
2,9-dimethyl phenanthrene
3,5-dimethylphenanthrene
3,6-dimethyl phenanthrene
3,9-dimethyl phenanthrene
3,10-dimethyl phenanthrene
4,5-dimethylphenanthrene
9,10-dimethyl phenanthrene

1,2,6-trimethyl phenanthrene
1,2,8-trimethylphenanthrene

Retene
3-ethylphenanthrene
9-ethylphenanthrene

Anthracene
1-methylanthracene
2-methylanthracene
9-methylanthracene
2-ethylanthracene
2-(Tert-butyl)anthracene
1,2-dimethylanthracene
1,3-dimethylanthracene
1,4-dimethylanthracene
1,5-dimethylanthracene
2,3-dimethylanthracene
2,7-dimethylanthracene
9,10-dimethylanthracene

CAS
Number
1556-99-6
2523-37-7
442-66-0
2294-82-8

85-01-8
832-69-9
2531-84-2
832-71-3
832-64-4
883-20-5
20291-72-9
16664-45-2
22349-59-3
483-87-4
20291-74-1
7372-87-4
20291-73-0
3674-65-5
15254-64-5
3674-66-6
17980-16-4
1576-69-8
17980-09-5
33954-06-2
1576-67-6
66291-32-5
66291-33-6
3674-69-9
604-83-11
30436-55-6
20291-75-2
483-65-8
1576-68-7
3674-75-7

120-12-7
610-48-0
613-12-7
779-02-2
52251-71-5
18801-00-8
53666-94-7
610-46-8
781-92-0
15815-48-2
613-06-9
782-23-0
178-43-1

1,2,4-trimethylanthracene

1,2,3,4-tetramethylanthracene

Fluoranthene

1-methylfluoranthene
2-methylfluoranthene
3-methylfluoranthene

Pyrene
1-methylpyrene
4-methylpyrene

Chrysene

1-methylchrysene
2-methylchrysene
3-methylchrysene
4-methylchrysene
5-methylchrysene
6-methylchrysene
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20153-28-0
66553-01-3

206-44-0
25889-60-5
33543-31-6
1706-01-0

129-00-0
2381-21-7
531037

218-01-9

3351-28-8
3351-32-4
3351-31-3
3351-30-2
3697-24-3
1705-85-7



Oil Chemical Analysis Protocol

Approximate 0.400 gram of oil dissolved in hexane

and made up to 5.00 mL

1- Spike with deuterated surrogates

2- 01l fractionation

200 pl of oil solution transferred
onlo a pre-conditioned
3 g silica-gel column

T'1 (lexane fraction) F2 (50:50 hexane/ benzene [raction)

Concentration
by N,

Concentration
by N,

Add internal standard
d14-Terphenyl

Add internal standard
S-a—Androstane, Cy, B-Hopane

l

F3 (Combined from half of F1 and F2)

Concenlration
by N,

Add internal standard
5-a-Androstane

GC/FID GC/MS GC/MS GC/TID for GC/MS (SIM)
Total saturate (SIM) (SIM) determination of for EPA priority
n-Alkane analysis  n-Alkanc Biomarker  total Aromatics PAH analysis
(C,-C distribution analysis

GC/MS (STM)
Analysis of
alkylated homologues
of Naph, Phen, Diben,
Fluo, and Chry.

GCHID
Total petroleum
hy drocarbons
(GC-TPH)

Chemical Oil Analysis Protocol
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3 GC Chromatogramsfor Alaska North Slope Crude Oil

FigureA3-1

Figure A3-2

FigureA3-3

FigureA3-4

FigureA3-5

FigureA3-6

FigureA3-7

GC-FID chromatogramsof fraction1 (F1) for saturatesof AlaskaNorth Slope
crude all

GC-FID chromatograms of fraction 3 (F3) for total petroleum hydrocarbons
(TPH) of Alaska North Slope crude oil

GC-MSchromatogramsof fraction1 (F1) for n-akanedistribution(m/z 85) of
Alaska North Slope crude oil

Tota ion GC-M Schromatogramsof fraction 2 (F2) for determination of PAHs
of Alaska North Slope crude ail

Extractedion GC-M Schromatogramsof fraction 2 (F2) for determination of the
5target akylated PAH homologues (m/z: 128, 142, 156, 170, 184, 178, 192,
206, 220, 234, 198, 212, 226, 166, 180, 194, 208, 228, 242, 256, and 270) of
Alaska North Slope crude oil

GC-M S chromatograms of fraction 1 (F1) for biomarker terpane anaysis (m/z
191) of Alaska North Slope crude ail

GC-MS chromatograms of fraction 1 (F1) for biomarker sterane analysis (m/z
217/218) of Alaska North Slope crude oil
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Figure A3-1 GC-FID chromatograms of fraction 1 (F1) for saturates of Alaska
North Slope crude oil
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Figure A3-2 GC-FID chromatograms of fraction 3 (F3) for total petroleum
hydrocarbons (TPH) of Alaska North Slope crude ail
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Figure A3-3 GC-MS chromatograms of fraction 1 (F1) for n-alkane distribution
(m/z 85) of Alaska North Slope crude oil

160



30000

<0000

0000

80000

400000

130000

110000

{€0000

480000

ey gy r

oo fo ,  dopa

11we
1200 S000 5200 3000 3200 4000 200 20000 20100

2po , , 1000

S "w P———

ATy e

Ve 30 20

1200 | S000 | 3200 3000 3200 000 200 2000 2800
A e S

5
(e
g
0
g
(9]
o 50000
10000
20000
80000
100000
1350000
440000

1€0000

180000

Figure A3-4

| 'm'"“[“ i

u T

=

V2 0oV

Tota ion GC-MS chromatograms of fraction 2 (F2) for determination
of PAHs of Alaska North Slope crude oil (Peaks are labelled for the
alkylated benzenes, C,-B, naphthalene, N, and the alkylated
naphthaenes, C;-N, C,-N, and C;-N).
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Figure A3-5a Extracted ion GC-MS chromatograms of fraction 2 (F2) for determination of
the 5 target alkylated PAH homologues (m/z: 128, 142, 156, 170, 184) of
Alaska North Slope crude oil (Peaks are labelled for naphthalene, N, the
alkylted naphthaenes, C;-N, C,-N, C5-N, C,-N, and dibenzothiophene, D).
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Figure A3-5b Extracted ion GC-MS chromatograms of fraction 2 (F2) for determination of

the 5 target alkylated PAH homologues (m/z: 178, 192, 206, 220, 234) of
Alaska North Slope crude oil (Peaks are labelled for phenanthrene, P, and its
alkylated homologues, C,-P, C,-P, C;-P, and C,-P).
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4 GC Chromatogramsfor Alberta Sweet Mixed Blend #5 Crude Oil
Figure A4-1 GC-FID chromatograms of fraction 1 (F1) for saturates of ASMB #5 crude all

Figure A4-2 GC-FID chromatograms of fraction 3 (F3) for total petroleum hydrocarbons
(TPH) of ASMB #5 crude oil

FigureA4-3 GC-MSchromatogramsof fraction1 (F1) for n-alkanedistribution (m/z 85) of
ASMB #5 crude ail

FigureA4-4 Total ion GC-M Schromatogramsof fraction 2 (F2) for determination of PAHs
of ASMB #5 crude oil

FigureA4-5 Extractedion GC-M Schromatogramsof fraction 2 (F2) for determination of the

5target akylated PAH homologues (m/z: 128, 142, 156, 170, 184, 178, 192,
206, 220, 234, 198, 212, 226, 166, 180, 194, 228, 242, 256, and 270) of
ASMB #5 crude oil

FigureA4-6 GC-MSchromatograms of fraction 1 (F1) for biomarker terpane anaysis (m/z
191) of ASMB #5 crude ail

FigureA4-7 GC-MS chromatograms of fraction 1 (F1) for biomarker steraneanaysis (m/z
217/218)
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target alkylated PAH homologues (m/z: 128, 142, 156, 170, 184) of ASMB #5 crude
oil

175



40000 Ion 178
20000 t
O:d ey IJ‘ JAN\'W“‘MW%’,\T”JMM”~T“MVT“ S e me e e
2300 2400 2500 2600  27.00 2800  29.00 3000 3100 32000  33.00
40000 Ion 192
20000 \h
0..,..|.,.,,.“L.,,,;,.A’.""."W.“r*ﬁ’“‘fv,,“rﬁ’.yl..,‘],.,,...
2300 2400 2500 26,00  27.00 2800  29.00 3000  31.00 32000  33.00
g 40000, Ton 206
=
e :
g 20000 |
< I
O"<'|‘"'|""l""|"'/‘\_|/‘j\"~ﬂ‘f\“i/\"/\"w*"‘|'"|""|""|'*"
2300 24000 2500 2600  27.00 2800 2000 30,00  31.00 32,00  33.00
40000 Ion 220
20000
0""|"|'"."'1"'1""1"%\"1\,\/\[‘\/%9&"'v"|"|'<"
2300 24100 2500 26100 27.00 28000 29,00 3000  31.00 32000 3300
Ion 234
40000
20000
oL — WP\/VWJ\,\/W ‘A

12300 2400 2500 2600  27.00 2800  29.00 3000 3100 3200  33.00

Time
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the 5 target alkylated PAH homologues (m/z: 228, 242, 256, 270) of ASMB
#5 crude ail

179



Ion 191

35000 ASMB, Fresh

30000
25000
20000
15000
10000

5000

. N,AW_MLWMMMJ MJL,WJLMMUM | UJLAJULWMWM

"26.00 28100 30,00 32,00 3400 36,00 3800 40000 42.00 44.00 4600 4800 50.00 5200 54.00

35000

Abundance

30000 ASMB, 37%W

25000
20000
15000
10000

il

Time
Figure A4-6 GC-MS chromatograms of fraction 1 (F1) for biomarker terpane
analysis (m/z 191) of ASMB #5 crude all

180



ASMB, Fresh

so00l lon 217
2000
w [l MUAM /UM
i\/\,\_l\/\ww MW‘MWMVM\/\AMA - '\«J \/\W\A’VM\WNW
2 —
3200 3300 3400 3500 3600 37.00 38.00 39.00  40.00 41.00 42000 43100  44.00
lTon 218
3000
2000
1000 vamj /Lﬁh\J&AAJ
v ;5 [S— LWNMMAMWWMA \J\ J\MM/L
% 32,00 3300 3400 3500 3600 37.00 3800  39.00 4000 4100 4200  43.00  44.00
-
_§ Ton 217 ASMB, 37%W
<7 3000
l
2000 ' \M[\ J
1000 VV A\/ﬁ \/
JL‘FV\M\M /\_AJ\AAAJN\/\‘AMWWWWW\/\»}‘ NN\M\
o] S
3200  33.00 3400 3500 3500 37.00 3800 30.00 4000 4100 4200  43.00  44.00
Ion 218
3000 !
2000
1000 h H\J\JNJ
Jﬂ’\,}\‘,w x/U’N’L/LMAAMMMW’M\JWﬁM m M
]
32.00 3300 3400 3500 3600 37.00 38.00  30.00 4000  41.00 4200 4300  44.00
Time
Figure A4-7 GC-MS chromatograms of fraction 1 (F1) for biomarker sterane analysis (m/z

217/218)

181



5 GC Chromatogramsfor Arabian Light Crude Oil

FigureA5-1

Figure A5-2

FigureA5-3

FigureA5-4

FigureA5-5

FigureA5-6

FigureA5-7

GC-FID chromatogramsof fraction 1 (F1) for saturatesof ArabianLight crude
oil

GC-FID chromatograms of fraction 3 (F3) for total petroleum hydrocarbons
(TPH of Arabian Light crude oil

GC-MSchromatogramsof fraction1 (F1) for n-akanedistribution(m/z 85) of
Arabian Light crude oil

Total ion GC-M Schromatogramsof fraction 2 (F2) for determination of PAHs
of Arabian Light crude ol

Extractedion GC-M Schromatogramsof fraction 2 (F2) for determination of the
5target akylated PAH homologues (m/z: 128, 142, 156, 170, 184, 178, 192,
206, 220, 234, 198, 212, 226, 166, 180, 194, 228, 242, 256, and 270) of
Arabian Light crude oil

GC-M S chromatograms of fraction1 (F1) for biomarker terpaneanadysis (m/z
191) of Arabian Light crude oil

GC-MSchromatograms of fraction 1 (F1) for biomarker sterane andysis (m/z
217/218) of Arabian Light crude oil
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Figure A5-5c Extracted ion GC-MS chromatograms of fraction 2 (F2) for determination of the 5

target alkylated PAH homologues (m/z: 198, 212, 226) of Arabian Light crude ail
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target alkylated PAH homologues (m/z: 166, 180, 194) of Arabian Light crude ail
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Figure A5-5e Extracted ion GC-MS chromatograms of fraction 2 (F2) for determination of the 5

target alkylated PAH homologues (m/z: 228, 242, 256, 270) of Arabian Light crude oil
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6 GC Chromatogramsfor Sockeye Crude Oil

Figure A6-1

Figure AG-2

FigureA6-3

FigureA6-4

FigureA6-5

FigureA6-6

FigureA6-7

GC-FID chromatograms of fraction 1 (F1) for saturates of Sockeye crude oil

GC-FID chromatograms of fraction 3 (F3) for total petroleum hydrocarbons
(TPH) of Sockeye crude ail

GC-MSchromatogramsof fraction1 (F1) for n-akanedistribution(m/z 85) of
Sockeye crude oil

Total ion GC-M Schromatogramsof fraction 2 (F2) for determination of PAHs
of Sockeye crude oil

Extractedion GC-M Schromatogramsof fraction 2 (F2) for determination of the
5target akylated PAH homologues (m/z: 128, 142, 156, 170, 184, 178, 192,
206, 220, 234, 198, 212, 226, 166, 180, 194, 228, 242, 256, and 270) of
Sockeye crude oil

GC-M S chromatograms of fraction 1 (F1) for biomarker terpane anaysis (m/z
191) of Sockeye crude ail

GC-MS chromatograms of fraction 1 (F1) for biomarker steraneanaysis (m/z
217/218) of Sockeye crude oil
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Figure A6-5b Extracted ion GC-MS chromatograms of fraction 2 (F2) for determination of the 5
target alkylated PAH homologues (m/z: 178, 192, 206, 220, 234) of Sockeye crude oil
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Figure A6-5e Extracted ion GC-MS chromatograms of fraction 2 (F2) for determination of the 5
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7 GC Chromatogramsfor South Louisiana Crude Oil
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FigureA7-3

FigureA7-4

FigureA7-5

FigureA7-6

FigureA7-7

GC-FID chromatogramsof fraction 1 (F1) for saturatesof South Louisiana crude
oil

GC-FID chromatograms of fraction 3 (F3) for total petroleum hydrocarbons
(TPH) of South Louisiana crude ail

GC-MSchromatogramsof fraction1 (F1) for n-akanedistribution(m/z 85) of
South Louisiana crude oil

Total ion GC-M Schromatogramsof fraction 2 (F2) for determination of PAHs
of South Louisiana crude oil

Extractedion GC-M Schromatogramsof fraction 2 (F2) for determination of the
5target akylated PAH homologues (m/z: 128, 142, 156, 170, 184, 178, 192,
206, 220, 234,198, 212, 226, 166, 180, 194, 228, 242, 256, and 270) of South
Louisiana crude ail

GC-M S chromatograms of fraction1 (F1) for biomarker terpaneanadysis (m/z
191) of South Louisiana crude oil

GC-MSchromatograms of fraction 1 (F1) for biomarker sterane andysis (m/z
217/218) of South Louisiana crude oil
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Figure A7-5a Extracted ion GC-MS chromatograms of fraction 2 (F2) for determination of the 5
target akylated PAH homologues (m/z: 128, 142, 156, 170, 184) of South Louisiana
crude ail
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Figure A7-5b Extracted ion GC-MS chromatograms of fraction 2 (F2) for determination of the 5
target alkylated PAH homologues (m/z: 178, 192, 206, 220, 234) of South Louisiana
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Figure A7-5c Extracted ion GC-MS chromatograms of fraction 2 (F2) for determination of the 5
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Figure A7-5e Extracted ion GC-MS chromatograms of fraction 2 (F2) for determination of the 5

target akylated PAH homologues (m/z: 228, 242, 256, 270) of South Louisiana crude
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Figure A8-5a Extracted ion GC-MS chromatograms of fraction 2 (F2) for determination of the 5

target alkylated PAH homologues (m/z: 128, 142, 156, 170, 184) of West Texas

Intermediate crude oil
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Figure A8-5b Extracted ion GC-MS chromatograms of fraction 2 (F2) for determination of the 5
target alkylated PAH homologues (m/z: 178, 192, 206, 220, 234) of West Texas
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Figure A8-5c Extracted ion GC-MS chromatograms of fraction 2 (F2) for determination of the 5
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Figure A8-5e Extracted ion GC-MS chromatograms of fraction 2 (F2) for determination of the 5
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Figure A8-7 GC-MS chromatograms of fraction 1 (F1) for biomarker sterane analysis (m/z
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Figure A9-1 GC-FID chromatograms of fraction 1 (F1) for saturates of Fuel Oil No. 2
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Figure A9-5a Extracted ion GC-MS chromatograms of fraction 2 (F2) for determination of the 5

target alkylated PAH homologues (m/z: 128, 142, 156, 170, 184) of Fuel Oil No. 2
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Figure A9-5b Extracted ion GC-MS chromatograms of fraction 2 (F2) for determination of the 5
target alkylated PAH homologues (m/z: 178, 192, 206, 220, 234) of Fuel Oil No. 2
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Figure A9-5c Extracted ion GC-MS chromatograms of fraction 2 (F2) for determination of the 5

target alkylated PAH homologues (m/z: 198, 212, 226) of Fuel Oil No. 2
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Figure A9-5d Extracted ion GC-MS chromatograms of fraction 2 (F2) for determination of the 5

target alkylated PAH homologues (m/z: 166, 180, 194) of Fuel Oil No. 2
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Figure A9-5e Extracted ion GC-MS chromatograms of fraction 2 (F2) for determination of the 5
target alkylated PAH homologues (m/z: 228, 242, 256, 270) of Fuel Oil No. 2
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Figure A9-6 GC-MS chromatograms of fraction 1 (F1) for biomarker terpane analysis (m/z
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Figure A9-7 GC-MS chromatograms of fraction 1 (F1) for biomarker sterane analysis (m/z
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Figure A10-5b Extracted ion GC-M S chromatograms of fraction 2 (F2) for determination of the 5
target akylated PAH homologues (m/z: 178, 192, 206, 220, 234) of Fuel Oil No. 5
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11 GC Chromatogramsfor HFO 6303

Figure A11-1 GC-FID chromatograms of fraction 1 (F1) for saturates of HFO 6303
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Figure A11-5a Extracted ion GC-MS chromatograms of fraction 2 (F2) for determination of the 5
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263



Ion 178

100000
50000
0 J[U\,,/W\ J\?*r%[%““{”‘#f"f“,‘V?f”‘rA.”Y%“ﬁTfﬂ'vY‘ﬂ\ﬁ”\:..,,H.l...‘_...,.,..
2300 2400 2500 2600  27.00 2800 2900  30.00 3100 3200  33.00
100000 Ion 192

-

| il

o) S —
23100 2400 2500 2600  27.00 28100 2900 3000  31.00 3200  33.00
4 100000 IOIl 206
&
=
"g 50000 q"\ ‘
3 T
<: 0 T I""\"/\_‘J'I'EL"/\'}A/"W"4""I'"l""\""l""
23100 2400 2500 2600  27.00 28100 2000 30,00  31.00 3200  33.00
100000 lon 220
50000: 1
Wl
e T e ||’\-/\/\'J‘MWUI/LLM.|‘|
2300 24100 2500 2600  27.00  2RN0 2000 30,00  31.00 3200  33.00
Ton 234
100000
50000

"'1'"'l'"'I""|'"'A"Wj\{\ﬂ'%\}'_’{ﬂ""
23.00 24.00 25.00 26.00 27.00 28.00 29.00 30.00 31.00 32.00 33.00
Time
Figure A11-5b Extracted ion GC-M S chromatograms of fraction 2 (F2) for determination of the 5
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Figure A12-1 GC-FID chromatograms of fraction 1 (F1) for saturates and of fraction 3 (F3)
for total petroleum hydrocarbons (TPH) Orimulsion-400
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Figure A12-2 GC-MS chromatograms of fraction 1 (F1) for n-alkane distribution (m/z 85) of
Orimulsion-400
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Figure A12-3 Total ion GC-MS chromatograms of fraction 2 (F2) for determination of PAHSs of
Orimulsion-400
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Figure A12-4a Extracted ion GC-MS chromatograms of fraction 2 (F2) for determination of the 5

target akylated PAH homologues (m/z: 128, 142, 156, 170, 184) of Orimulsion-400
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Figure A12-4b Extracted ion GC-M S chromatograms of fraction 2 (F2) for determination of the 5
target akylated PAH homologues (m/z: 178, 192, 206, 220, 234) of Orimulsion-400
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Figure A12-4c Extracted ion GC-M S chromatograms of fraction 2 (F2) for determination of the 5

target akylated PAH homologues (m/z: 198, 212, 226) of Orimulsion-400
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Figure A12-4d Extracted ion GC-M S chromatograms of fraction 2 (F2) for determination of the 5

target alkylated PAH homologues (m/z: 166, 180, 194) of Orimulsion-400
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Figure A12-4e Extracted ion GC-M S chromatograms of fraction 2 (F2) for determination of the 5

target akylated PAH homologues (m/z: 228, 242, 256, 270) of Orimulsion-400
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Figure A12-5 GC-MS chromatograms of fraction 1 (F1) for biomarker terpane analysis (m/z 191) of

Orimulsion-400
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Figure A12-6 GC-MS chromatograms of fraction 1 (F1) for biomarker sterane analysis (m/z
217/218) of Orimulsion-400
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